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ABSTRACT

Fvent Mineral Rock, the detonation of a 100-ton spherically shaped
charge of TNT on granite, was the last event of the Mine Shaft Series, a
program of high-explosive tests primarily concerned with ground shock
and cratering effects from explosions at or near the surface of a compe-
tent rock medium. The series, conducted in 1968 and 1969, was intended
as a follow-on to previously conducted similar experiments in soil.

Mineral Rock (1969) duplicated the geometry and yield of Event Mine
Ore (1968). Studies of crater ejecta were conducted to determine debris
density and distribution, to examine the role of the ejection mechanism
in crater formation, and to obtain additional information on the hazards
associated with natural missiles. Mineral Rock, with a maximum observed
ejecta range of approximately 2,800 feet for a l-pound particle, pro-
duced a larger crater and a more extensive ejecta field than its prede-
cessor, Mine Ore.

In addition to established methods of ejecta measurement, aerial
photography was introduced to obtain spoil volume and distribution param-
eters. A comprehensive artificial missile experiment was included, and
limited impact measurements were obtained from the terminal trajectories
of small natural particles. As with other events in rock that preceded
the Mine Shaft Series, the influence of rock jointing on ejecta distribu-
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tion was evident. Volumetric analysis indicated that 230 yd~ of in situ
material was ejected from the crater, about 90 yd3 of which was deposited
in the crater lip. A factor of WO'3 (W = charge weight) was confirmed
for empirical scaling of ejecta ranges common to the Mine Ore/Mineral
Rock test geometry. Size distribution as a function of range for dis-
crete particles was also established, confirming that smaller particles
(4 to 8 inches in diameter) tend to dominate the ejecta field at dis-
tances greater than 25 to 30 crater radii from the detonation.

Throwout regions common to the Mine Ore/Mineral Rock test geometry
were satisfactorily defined, with good agreement being noted between the
two events. In general, the ejecta mechanics resembled those associated

with a surface burst in soil.



PREFACE

The Mine Shaft Series of high-explosive tests, sponsored by the
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NOTATIONS AND ABBREVIATIONS

Notations

Presented area
Sonic velocity

Constant representing effects of air drag in ballistic range
equation

Missile height

Weight of ejected material

Acceleration due to gravity

Constant in ejecta areal density eqguation
Missile length

Exponent of range R in ejecta areal density equation
Shock-front pressure

Range (distance from ground zero)
Particle velocity

Initial velocity of ejected particle
Missile width

Charge welght

Calculated missile weight

Measured missile weight

Missile weight based upon presented area
Particle exit angle

Specific (unit) weight

Ejecta areal density

Pi, a constent,; =3.142

Mass density

Standard deviation from the mean

Crater notations are given in Figure 1.1.

GZ
HOB

Abbreviations

Ground zero, the hypocenter or epicenter of detonation

Height of burst




msl

Mean sea level, a reference plane

Standard core size used in exploratory drilling, =3 inches
in diameter

Trinitrotoluene, a chemical (high) explosive
Weapons Effects Laboratory

U. S. Army Engineer Waterways Experiment Station
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to

metric units as follows:

Multiply By To Obtain
inches 2.5h centimeters
feet 0.3048 meters
miles (U. S. statute) 1.60934k kilometers
feet per second 0.3048 meters per second
milecs per hour 1.60934k4 kilometers per hour
square inches 6.4516 square centimeters
square fect 0.092903 square meters
cubic feet 0.0283168 cubic meters
cubic yards 0.76L4555 cubic meters
pounds 0.45359237  kilograms
tons (2,000 pounds) 0.907185 metric tons
pounds per square inch 0.070307 kilograms per square
centimeter
pounds per square foot 4 .88243 kilograms per square meter
pounds per cubic foot 16.02 kilograms per cubic meter
Fahrenheit degrees a Celsius or Kelvin degrees

& To obtain Celsius (C) temperature readings from Fahrenheit (F)
readings, use the following formula: C = (5/9)(F - 32). To
obtain Kelvin (K) readings, use:

a1l

K= (5/9)(F - 32) + 273.15.



CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Events Mineral Lode and Mineral Rock were continuations of the
Mine Shaft Series begun in 1968 (Reference 1). The primary objective
of this test series was to study the effects of explosion-induced
ground shock and cratering on or beneath the surface of a rock medium.
A secondary objective was to observe the response of structures and
structural components within the blast enviromment. Major effects
measured were ground shock for the Mineral Lode Event (buried charge)
and cratering, ejecta, ground shock, and airblast for the Mineral Rock
Event (near-surface charge).

Mine Shaft was specifically designed to provide information on ex-
plosion effects in a rock medium, for which there is a paucity of data.
Most large-scale explosive testing has been conducted in desert alluvium
of the western United States and sandy clay of Canada. However, the
interest in recent years in hardened military facilities in rock has re-
gquired additional data to determine survivability of such facilities
from hits or near misses of nuclear weapons. Since cratering and
crater ejecta are among the prime destructive agents of an explosion,
quantitative measurements of these phenomena are important. Of par-
ticular interest are the long-range ejecta strike probabilities on ex-

posed structural elements of a facility.

1.2 OBJECTIVES

The primary objective of this study was to determine the ejecta
areal density (in terms of weight per unit area, i.e., pounds per
square footl), range, and azimuthal distribution associated with the

Mineral Rock Event. Secondary objectives were: (1) to obtain

. A table of factors for converting British units of measurement to

metric units is presented on page 11.
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information on the mechanics of crater formation by surveying the ori-
ging’ and final positions of ejected material, and f2) to obtain informa-
tion from which quantitative estimates of ejecta trajectory parameters

and accompanying hazards could be made.

1.3 THEORY

The crater, its 1lip, and surrounding regions of deformation common
to a surface or near-surface explosion are illustrated in Figure 1.1;
the basic theory for an ejecta study is described in Reference 1.
Briefly restated, predictions of ejecta parameters for any given ex-
plosion follow two general approaches: (1) a consideration of initial
particle velocities based upon shock conditions, and (2) scaling of
other experimental results to the yield under consideration.
The first approach is expressed by the fundamental ballistlic
equation for range
V2 sin 2¢
R=(C ———— i)
g
Where: R = range (distance from ground zero)
C = a constant that is dependent on the effects of air drag
V_ = initial velocity (speed) of a given ejecta particle

o = starting or exit angle (with respect to the horizontal
plane) of the particle

g = acceleration due to gravity

Reference 2, which includes some observations of ejecta particles,
expresses C as a ratio of the observed range to the range in a vacuum.
The exit angle ¢ 1s generally dependent upon shot geometry, and
C must be selected to best represent the environmental conditions to
which the particle will be subjected. Estimation of initial particle
velocity depends upon conditions just behind the shock front according

to the eguation

=B (1.2)
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Where: particle velocity

shock-front pressure

v
b
p = the medium's mass density
c

sonic velocity in the medium

The quantities p and c¢ can be readily determined experimentally;
however, assigning a value to p requires use of a basic assumption
concerning the origin of the ejected material. Material in direct con-
tact with the charge is probably pulverized; therefore, ejected par-
ticles of practical interest are assumed to originate in areas slightly
removed from the charge. Experience has shown that, for test geometries
between that of a true surface burst and that of an above-surface tan-
gent burst, the long-range ejecta generally originate near the ground
surface at a distance approximately equal to one charge radius from the
charge-medium interface (Reference 3). Thus, to determine maximum
ejecta range, the value selected for p should represent the shock-
front pressure at about this point. The resulting particle velocity
can then be substituted into Equation 1.1 to calculate missile range.
The major limitations of this method are (1) Equation 1.2 does not con-
sider energy and velocity losses due to comminution, interparticle col-
lisions, etc; and (2) the equation expresses a particle velocity in the
direction of the spherically diverging ground-shock wave rather than
toward ground surface, where ejection actually occurs. For these rea-
sons, values of initial velocity and accompanying ranges are generally
higher than those observed.

The second approach to predicting ejecta parameters involves em-
pirical scaling procedures relating other experimental results to the
current test. Considerable effort in cratering and ejecta research has
been made toward developing the proper scaling relationships for various
phenomena, both theoretically (through dimensional analysis methods) and
experimentally. As yet, there has been little agreement between theory
and experiment. TFor example, scaling factors for ejecta velocities and
ranges have varied from as low as Wl 6 where W 1is charge weight
(Reference L, which presents results of a dimensional analysis using

WOk

mass-gravity relations) to as high as (Reference 5, in which

1k



scaling factors are determined empirically from surface bursts in rock).
The discrepancy seems to result from the fact that the effects of certain
parameters such as charge geometry have not been evaluated completely

and are not included in dimensional analysis procedures. Presently,
empirically determined scaling factors provide the most reliable means

of predicting cratering and ejecta effects.

1.4 PRESHOT PREDICTIONS

Since Mineral Rock duplicated the 1968 Event Mine Ore, the best pre-
dictions of ejecta ranges for Mineral Rock were the results of Mine Ore.
These are given in Reference 6 and are: (1) maximum range = 2,500 feet,
and (2) 90 percent missile range = 1,375 feet. The 90 percent missile
range represents the radial distance within which 90 percent (by weight)
of all ejecta is found.

However, as shown later, Mineral Rock results did not duplicate
Mine Ore results; rather, they agreed more closely with original Mine
Ore predictions, which are given in Reference 1 as: (1) maximum

range = 3,000 feet, and (2) 90 percent missile range = 1,300 feet.
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CHAPTER 2

EXPERIMENTAL PROCEDURES

2.1 TEST SITE

The Mine Shaft test site was located on a granite intrusion in the
Iron Mountains of southwestern Utah, about 8 miles northwest of Cedar
City, Utah. Figure 2.1 is a map of the test site area. The region
has a semidesert enviromment with juniper trees, sage, and cactus as
the predominant vegetation (Figure 2.2). The site is characterized by
a thin layer of sandy silt soil (desert alluvium) with intermittent
smoothly rounded rock outcrops. The site is approximately 5,900 feet
above mean sea level (msl), and the area slopes gently toward the east
at about 2 degrees. A steep 500-foot-high peak is located about 2,000
feet southwest of the site. Prior to testing, the area within approxi-
mately 100 feet of ground zero (GZ) was cleared of soil and weathered
rock. The trees and brush were cleared as necegsary to give an open
area of 1,000-foot radius around GZ.

Results of a petrographic examination (Reference 7) showed the rock
at the test site as tonalite (Shand's classification system), a light-
colored, medium- to fine-grained igneous rock. The rock at the test
site consisted of a fine-grained matrix of quartz, plagioclase feldspar,
pyroxene, clay (montmorillonite and vermiculite), biotite, and magnetite
grains. Examination of near-surface core samples showed the rock to be
somewhat weathered, friable, and cracked. The basic physical properties

of the tonalite, which is a granitoid rock, are listed below:

Specific gravity 2.6
Porosity 5 percent
Tensile strength 900 psi
Unconfined compressive strength 15,000 psi
Young's modulus of elasticity (unconfined) 3.0 x 10° psi
Initial angle of shearing

intact samples 45 degrees

jointed samples 37 degrees

L




According to the classification system in Reference 8, the Cedar
City tonalite would be classified as borderline between CA and CL
(Figure 2.3), indicating medium strength and an average to low modulus-
to-compressive strength ratio.

The rock mass in the vicinity of Mineral Rock GZ was moderately
jointed, with the major joint zones trending in a north-south direction
(Reference 9). Figure 2.4 is a map of the surface joints adjacent to
GZ. Most joints were nearly vertical, and the wider joints tended to
narrow rapidly below the surface. Some of the larger joints indicated
slight downward faulting. One well-developed surface joint pattern in-
volved the swirls of rock that occur in the Mineral Rock area. While
not fully understood, these onionlike formations may be either stress
relief features that formed after jointing or planes of parting that
‘developed as the magma cooled geologic ages ago. Subsurface joint
spacing averaged one joint about every 6 inches down to 10 feet below

ground surface and decreased markedly with greater depth.

2.2 TEST GEOMETRY AND ENVIRONMENTAL CONDITIONS

This phase of the Mine Shaft Series consisted of two high-explosive
(HE) charges: Mineral Lode, detonated on 5 September 1969, and Mineral
Rock, detonated on 7 October 1969. Mineral Lode was a l6-ton, ammonium
nitrate slurry charge buried 100 feet. This depth was chosen to approxi-
mate that of contaimment, where a camouflet would be formed but no ex-
plosion gases would be vented. Since Mineral Lode produced no sig-
nificant ejecta field (Reference 10), it will not be considered further
in this report.

Mineral Rock was a 100-ton near-surface burst. The charge was
composed of 32.6-pound blocks of trinitrotoluene (TNT) stacked to
approximate a 15.7-foot-diameter sphere (Figure 2.5). The height of
burst (HOB) relative to charge center of gravity was 0.9 charge radius,
or 7.07 feet.

As mentioned previously, Mineral Rock duplicated Event Mine Ore,
which was detonated on 13 November 1968. The geographical coordinates

for Mineral Rock were latitude 37°46'10.033" N and longitude

18



113°10'52.037" W; this zero point was about 130 feet northeast of the
0old Mine Ore GZ. Part of the shot preparation for Mineral Rock in-
cluded an effort to clear the area of ejecta from Mine Ore. This was
accomplished mostly by grading. Just prior to shot day, a search of
the area was made, and remaining ejecta of significant size were marked
with spray paint so that they could be easily distinguished from ejecta
resulting from the detonation of Mineral Rock.

Time of the Mineral Rock detonation was 1200 hours (to the nearest
second). Shot day was partly cloudy and a stiff wind was blowing from
the south (190 degrees) at 16.1 mph. The surface temperature was 68 F
and the barometric pressure was 11.8 psi; relative humidity was 28

percent (Reference 11).

2.3 EJECTA MASS DENSITY AND DISTRIBUTION SAMPLING TECHNIQUES

To determine the areal mass density and distribution of ejecta re-
sulting from the Mineral Rock Event, the ejecta field was divided into
two regions: (1) the continuous ejecta region (within the crater 1lip),
and (2) the discontinuous ejecta region (beyond the crater lip). Four
techniques were used to collect data, one in the continuous ejecta

region and three in the discontinuous ejecta region.

2.3.1. Ejecta Within and Adjacent to the Crater Lip. Following the

shot, the crat?ga%igqxﬁz)divided into 30-degree sectors (Figure 2.6) ex-
tending ?r:%fgp f%%t from GZ, the approximate edge of the apparent crater,
to 100 fee#:frém GZ, the outer limit of the continuous ejecta region.

Each 30-degree sector was further divided into four areas by radial in-
crements of 15 feet. The sectors for sampling (shaded sectors in

Figure 2.6) were selected to provide continuous data points along four
radial sectors and on two concentric rings circling GZ. Due to the ir-
regularity of the lip extremity, some of the sampling areas lay slightly
beyond the lip. These areas were recorded and the data were separated
during analysis (Section L.1). Ejecta collection was accomplished in
coordination with Subtask SX30110, "Cratering Effects Investigations."

The material from each sector was collected using a front-end loader
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and was placed in a dump truck. The material was then hauled to a
local rock-crushing plant where the total sample was weighed and then
sieved into four size classifications: 12 inches, >6 to 12 inches,

>3 to 6 inches, and <3 inches. Figure 2.7 shows the sieving operation
with the material passing through a series of screens on a rock-crushing
machine, then onto conveyor belts where material of each size classifi-
cation falls into a separate truck and is weighed. The data obtained
were analyzed to determine areal mass density and size distribution of
ejecta in the crater lip as a function of radial distance from GZ.

2.3.2. Ejecta Beyond the Crater Lip. Three techniques were used

to sample ejecta falling beyond the crater lip: (1) hand collection of
ejecta from predesignated collector areas, (2) aerial photography, and
(3) peripheral plane-table survey.

The ejecta collector areas were used in the expected transition re-
gion between the continuous and discontinuous ejecta. TForty areas were
laid out in an array extending from 75 to 200 feet from GZ, as shown in
Figure 2.8. Each area covered 100 ftg. In the areas that were bare
rock, the rock surface was painted red. The areas that were composed
of alluvium were marked with pins at the four corners and the center
of the area. In the alluvium areas, recovery of sand-sized ejecta
particles was impossible, since there was no practical means of sepa-
rating the particles from the in situ material The entire ejecta
sampling procedure in and adjacent to the lip was necessarily unrefined,
but the procedure was adequate to gain an appreciation of the depostion
in this area.

Figure 2.9 is an aerial photograph showing the Mineral Rock charge
and the surrounding collector areas. After the shot, samples were
collected from only 22 of these areas (shaded in Figure 2.8) because the
inner areas fell in the continuous ejecta region that was sampled as

part of the crater 1lip. All rock debris within each sampled area was

gathered and weighed and then sized into groups with diameters <6 inches,

6 to 12 inches, and >12 inches. For each sampled area, all, or a repre-
sentative sample, of the minus 6-inch material was retained for a more

detailed laboratory sieve analysis.
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The ejecta beyond the crater lip was sampled primarily by aerial
photography. A mosaic of low-altitude photographs was planned to
provide a complete picture of the debris field out to a radial distance
of 1,000 feet from GZ. A contract was negotiated with a commercial
firm to accomplish the aerial photography and to perform a sample count
of ejected rock particles down to the 3- to L-inch size from photograph
enlargements. Due to various technical and fly-over difficulties, the
photography did not effectively cover the designated 2,000-foot-diameter
area. However, a sufficient number of photographs were obtained for
sampling purposes and for establishing the methodology associated with
this approach to an ejecta study. Eight pictures taken at various
ranges from GZ (Figure 2.10) were selected for a detailed missilc
count. These pictures werec enlarged, and the missiles were counted
and sized into five classifications: U4 to 8 inches, >8 to 12 inches,
>12 to 18 inches, >18 to 24 inches, and >2L inches. The coordinatcs
of each missile were determined with respect to GZ, and all informa-
tion was rccorded on computer cards. Thec data were analyzed on a
digital computer to detcrmine ejecta areal density and size distribu-
tion relations as functions of radial distance.

The outer periphery of the cjecta field was mapped by a plane-
table survey to determine the maximum range of natural missiles.
Mapping was rcstricted to rock fragments weighing approximately 1 pound
or more. Hcavier picces whose weights werc difficult to estimate were
weighed in a sling and spring-scale device. The arca covered was an
arc of about 170 degrecs running clockwise from west to east-northeast.
Broken terrain toward the east and southeast, a restricted Air Force
test area toward the south, and a large hill toward the =outhwest re-
stricted the mapping effort. However, a visual search was made of

these areas, and extremc missile ranges were estimated.

2.4 TECHNIQUES FOR EVALUATING MISSILE TRAJECTCRIES

Three experiments wcre designed to mect the secondary objective
of cvaluating missile trajectory parameters. These experiments in-

volved the use of: (1) colored-grout ejecta, (2) artificial
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missiles, and (3) styrofoam missile traps.

2.4.1 Colored-Grout Ejects. An array of colored-grout columns

(Figure 2.11) was emplaced during the conduct of Subtask SX30110,
"Cratering Effects Investigations," to aid in defining the true crater
and rupture envelope boundaries and in determining residual displace-
ments surrounding the crater. The upper portions of the grout columns
that were within the expected true crater were divided into 1-foot in-
crements by the addition of colored beads to the grout mixture. TFor
the purposes of the ejecta study, the beaded portions of the columns
provided source material for tracing the ejecta origins. After the
shot, those pieces of the grout columns found in the ejecta field

were identified and their final positions were recorded.

2.4.2 Artificial Missiles. The artificial missile experiment

served a purpose similar to that of the colored-grout experiment, with
the addition that information on ballistic coefficients and drag char-
acteristics for missiles of known shape and density was obtainable.
Two basic missile shapes, cylinders and spheres, were used. The cyl-
inders were made of aluminum and were 2.5 inches in diameter. The cyl-
inders were emplaced in packages, each package consisting of one 4-,
2-, and l-inch-long cylinder and one l-inch-long cylinder divided into
one half-cylinder and two quarter-cylinder wedges. The spheres were
made of plastic, aluminum, steel, or lead, and were either 1 or 2
inches in diameter. The spheres were emplaced in packages that each
contained two l-inch and one 2-inch spheres of each of the four
materials.

Table 2.1 gives the physical properties of the artificial missiles.
One-hundred ninety-seven cylinder packages and 60 packages of spheres,
making a total of 1,902 artificial missiles, were emplaced preshot in
an array of NX-size (approximately 3 inches in diameter) holes extending
along radials to the north, south, and west of GZ. Figure 2.12 shows
the locations, relative to GZ, of all boreholes containing artificial
missiles along with the positions of the missile packages in the holes.
All holes were backfilled with strength-matching grout. Figure 2.13

shows missile packages and cylinders just prior to emplacement. Each
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missile was stamped with a three-digit number giving its initial
position with respect to radial number, hole number, and depth.

For example, a cylinder marked 154 was orginally emplaced on Radial 1
(south radial) in the fifth hole from GZ and was in the fourth cylinder
package below ground surface. Preshot depths of all cylindecr and
sphere packages were recorded in the field. In addition, twenty-three
7.4-inch-diameter aluminum spheres were emplaced in four borcholes to
the north of GZ at the request of the Aerospace Corporation, a par-
ticipating agency. These spheres were number coded and their preshot
positions were recorded. They served the same purpose as the other
artificial missiles but were larger and brightly polished so that they
could possibly be visible in thc technical photography and thus provide
data on initial missile trajectory parameters. Unfortunately, this

was unsuccessful. Postshot, a search was made for all artificial mis-
siles, which, when found, were identified and mapped by plane-table
survey.

2.4.3 Styrofoam Missile Traps. The final missile trajectory ex-

periment involved the use of styrofoam missile traps designed to obtain
data on terminal trajectory parameters. The traps were made of 206-psi
styrofoam, 4 fcet by 8 feet by 6 inches thick, emplaced so that the top
surface was flush with the ground surface. TFive traps were placed
along the west radial at distances of 249, 346, 509, 607, and 706 feet
from GZ. A single trap was also placed 224 feet south of G7. After
the shot, those traps that survived were recovered and those portions
containing embedded missiles were cut out. Impact angles and depths of
penetration were later measured, and impact velocities were estimated
on the basis of calibration tests conducted in a fragment simulator and
on the basis of the results of a computer program on penetration

parameters.
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TABLE 2.1 PHYSICAL PROPERTIES OF ARTIFICIAL MISSILES

Spheres Cylindersa
Diameter Material Weight Length Weight
inches pounds inches pounds
1 Aluminum 0.05 L 1.82
7 Lead 0.22 2 0.91
& Plastic 0.02 1 0.46
1 Steel 0.15 lb 0.23
2 Aluminum 0.40 e 0.12
2 Lead 172
2 Plastic 0.20
2 Steel 1-:0:9
Tl Aluminum 20.30

a : : : :
All cylinders were made of aluminum and were 2.5 inches in
diameter.

L One-half cylinder wedge of a l-inch cylinder.

s One-quarter cylinder wedge of a l-inch cylinder.
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Figure 2.2 Preshot view of the Mineral Rock test
site looking toward the southwest.
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Figure 2.4. Surface joint map for Event Mineral Rock. Major and minor
joints are indicated by heavy and light lines. Note numerous swirls in
rock, as discussed in Section 2.1.
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a. Elevation view of charge;
HOB = 0.9 charge radius.

b. Stacked charge with styrofoam base.

Figure 2.5 §Shot geometry for Event Mineral
Rock, a 100-ton TNT detonation.
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Figure 2.6 Sectors for collecting continuous ejecta in and immediately
adjacent to the crater lip, Event Mineral Rock.
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Pigure 2.7 Sieving ot ejecta from the Mineral Rock
crater lip at a rock-crushing plant (Western Rock
Products Corp., Cedar City, Utah).
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Figure 2.9 Mineral Rock charge and ejecta collector
areas.
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Figure 2.13 Artificial missiles (cylinder packages
and sphere packages) prior to emplacement in NX-
size boreholes.
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CHAPTER 3

RESULTS

3.1 EJECTA DISTRIBUTION AND AREAL DENSITY

Figure 3.1 is an aerial photograph of the apparent crater and ad-
jacent debris field for Event Mineral Rock. A more extensive ejecta
field was obtained from Mineral Rock than from its predecessor, Mine
Ore. However, as with Mine Ore, the ejecta distribution for Mineral
Rock was distinetly rayed, with the principal rays running to the north-
west and southeast. For the Mineral Rock Event, ejecta between the
rays was less dense and was randomly distributed. Rock jointing again
appeared to be the controlling factor in ejecta distribution, with
topographical and vegetal features of the test site having only a
slight effect. Wind and other weather factors apparently had no sig-
nificant effect on the ejecta pattern.

Of interest in this test were the number of large missiles thrown
for considerable distances. Several missiles weighing 100 pounds or
more were hurled over 1,000 feet from GZ. Figure 3.2 shows a L400- ¢
pound fragment of a larger missile that was thrown about 1,200 feet
northeast of GZ. Another missile landed about 200 feet east of GZ and
broke in two, with the larger piece traveling another 100 feet. The
larger piece weighed an estimated 10 to 12 tons, while the weight of
the original missile was estimated at 18 tons. The two pieces are
circled in Figure 3.1.

The meximum range for a natural missile was approximately 2,800
feet. This missile was a l-pound fragment found north-northeast of
GZ on a radial roughly parallel to the main jointing of the rock in the
area covered by the peripheral plane-table survey. Maximum natural
missile range south of GZ in the restricted Air Force area was estimated
at 2,400 feet.

3.1.1 Within the Crater Lip. Table 3.1 gives the distribution

and areal density of the ejecta collected from the crater 1lip and the

area immediately adjacent. The lip itself was generally asymmetrical,
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averaging 64 feet in its extremity, but with radii extending in some
directions to 110 feet from GZ (Reference 12). The mass of lip
material was unevenly distributed, with the heaviest depositions to
the west, northeast, and southeast. Total ejecta mass in the crater
1ip was approximately U4 X 10° pounds .

3.1.2 Beyond the Crater Lip. Table 3.2 presents the distribution

and areal density of the ejecta recovered from the ejecta collector
areas that covered the transition zone along the periphery of the
crater lip where deposition was heavy but not continuous. As in the
lip, the ejecta distribution in the transition zone was asymmetrical,
with the areas of heaviest distribution coinciding with those of the
1lip. The beginnings of the ejecta rays are also reflected in the col-
lector area data. Table 3.3 presents the results of a sieve analysis
performed on the small ejecta particles, i.e., those less than © inches
in nominal diameter. These results are also shown graphically in
Figure 3.3.

Results of the particle count and size classification performed
on the discontinuous ejecta field by means of aerial photography are
tabulated in Appendix A. Eight exposures were processed (see Figure
2.10), covering an area of 384,000 ftg, in which 2,452 rock particles
were located and classified into five size categorics. Table 3.4 pre-
sents the ejecta areal densities as functions of range, as determined
from the aerial photographs. Details of the computational techniques
for obtaining these values are presented in Section L.l.

Finally, the plane-table survey of missiles falling along the
periphery of the debris field indicated a maximum ejecta range of
roughly 2,800 feet. Maps of the portion of the periphery that was
surveyed (slightly less than half of the ejecta field circumference)
are presented in Figure 3.4. The missiles examined fell beyond 2,000
feet from GZ and ranged in weight from an arbitrarily selected lower
limit of 1 pound to 100 pounds for a piece of grout. The largest
natural missile found on the periphery weighed 40O pounds. To facilitate
control, plane-table stations were established by highway-curve tra-

verse on a 2,000-foot radius. Interstation distance (chord length)
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was 522 feet. Vegetation and terrain necessitated the establishment

of additional stations during the course of the survey.

3.2 MISSILE TRAJECTORY EXPERIMENTS

Results of the three experiments designed to obtain information
on the ballistic trajectories of ejecta missiles are presented below.
Two of these experiments also provided information on the mechanics of
crater formation by defining the origin of ejecta as a function of dis-
tance from the charge.

3.2.1 Colored-Grout Ejecta. Table 3.5 gives the postshot posi-

tions of particles recovered from the colored-grout columns as determined
during the conduct of Subtask SX30110. Ejected grout was located as

far as 1,450 feet to the east of GZ, 1,350 feet to the north, 540 feet
to the west, and 1,300 feet to the south. Except for particles found

in the fallback, the angular deviation of ejecta about radial lines
extending from GZ through the grout columns was 10 degrees or less for
all radials except Radial 6. The slightly greater spread on this ra-
dial was caused by the original nonlinear array of grout columns (see
Figure 2.11). Identification of each piece of ejected grout by means

of grout and bead colors permitted determination of its origin.

3.2.2 Artificlal Missiles. A postshot plane-table survey was

conducted to locate and map the artificial missiles that had been em-
placed in the crater region. Table 3.6 lists the preshot and postshot
positions of all WES missiles recovered in the search. Of the 1,925
missiles (both cylinders and spheres) originally emplaced, 547 (28.4
percent) were recovered, identified, and mapped during the survey.
*our plane-table maps were drawn. The individual maps, shown in Fig-
ures 3.5 through 3.8, cover the crater area and the north, south, and
west ©1radials, respectively. Maximum artificial missile ranges were
2,165 feet to the west and 2,150 feet to the north, both for L-inch-
diameter cylinders. The search to the south was restricted to a dis-
tance of 900 feet because of the Air Force test area previously men-
tioned. Subsequent investigation of the true crater indicated that

another 25 percent of the missiles were either buried in the fallback
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or had never been ejected. The number of missiles recovered, however,
provided a sufficient sample to give a clear picture of vallistic
ejecta origin versus range.

In recovering the artificial missiles, it was discovered that
several groups of spheres and cylinders were still embedded in large
blocks of ejected rock, as shown in Figure 3.9. Most such blocks were
found in or near the edge of the crater lip, but one was found almost
960 feet north of GZ.

Nineteen of the twenty-three 7.4-inch-diameter aluminum spheres
were recovered postshot, 18 of which were identifiable. Their ejected
ranges are given in Table 3.7. Maximum range was 98l feet. inal
positions can be seen in Figures 3.5 and 3.0. The unrecovered spheres,
all from the hole nearest the charge, were believed to have been buried
in the fallback.

3.2.3 Styrofoam Missile Traps. Only four small missiles wecre re-

covered in the styrofoam missile traps. Several of the close-in traps

were blown away in the blast, and others were destroyed when struck by

large rocks. Following the field work, tests were conducted in the
WES Fragment Simulation Facility, and computer calculations wer mnlol
to determine impact velocities of the recovered rock fragments. Angles
of penetration and calculated striking velocities of the missiles are

listed in Table 3.8.

- ! . ; : . e
By Dr. B. Rohani, using a time-sharing program developed within the

Soil Dynamics Branch, Soils and Pavements Laboratory, WES.
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TABIE 3.1 DISTRIBUTION AND AREAL DENSITY OF EJECTA WITHIN AND ADJACENT TO THE
CRATER LIP

Note: The average 1lip extremity included Sectors -3 and =h.

Radial Sector Weight of Ejecta of Indicated Sizes Total Weight Areal

of Ejecta Density
>12 >6 to 12 >3 to 6 <3

inches inches inches inches
pounds pounds pounds pounds pounds 1b/ft2
A 1 6,230 1,800 1,200 1,300 10,530 15.20
2 1,200 1,800 1,000 1,100 5,100 8.75
3 3,350 4,550 2,000 1,100 11,000 23.40
4 850 1,600 850 500 3,800 10.64
B iy 2,690 5,100 2,400 1,600 11,790 17..00
3 L 710 9,010 4,870 6,410 65,000 138.00
G i 6,140 3,350 1,850 2,750 1k ,090 20.20
3 13,130 2,850 1750 1,900 19,630 h1.70
D 1 % 00 1,450 1,120 1,500 5176 Pelils
2 2,010 1,800 960 450 5,220 8.95
3 10,590 5,000 2,ko0 2,400 20,390 43.40
La -- —- -- - 17,080 47.80
E 1 2,625 2,900 1,400 1,750 8,675 12.50
3a -- - -- -- 40,840 87.00
i) 1 2,k75  3,k00 2,750 9,850 17,875 25.70
3 2,947 4,150 2,100 3,700 12,897 27.%0
G T 210 1,000 1,450 2,700 5,360 2
2 650 1,500 1,150 2,750 6,050 10.40
3 1,740 2,500 1,300 1,700 7,2h0 15.40
L 9,080 2,050 1,200 1,200 13,530 38.00
H i 1,450 2,000 1,300 2,500 7,250 10.k0
3 4,200 4,900 2,600 4,550 16,250 3h.Lo
I 1 680 1,250 950 1,970 4,850 6.98
3 28,550 3,100 1,900 4,500 38,050 81.00
J 1 3,400 2,600 1,400 1,800 9,200 13.20
2 2,850 3,500 1,700 L, TR 9,750 8115 05 0)
3 2,885 1,950 1,200 1,000 7,035 15.00
La -- -- -- -- 9,140 25.60
K 1k 7,560 2,800 3,k00 5,10 18,860 27.10
3 3,kL00 4,600 2,000 1,050 11,050 23.50
L 1i 2,900 3,810 2,250 2,980 11,940 17.20
3 1,580 2,550 1,900 2,500 8,530 18,16

= Sector consisted mostly of material too large for sieving.
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TABLE 3.2 DISTRIBUTION AND AREAL DENSITY OF EJECTA FROM COLLECTOR AREAS

No data are given for material from A and B rings, as this material was collected
along with that listed in Table 3.1.

|

L3

l Area Distance Weight of Ejecta of Indicated Total Weight Areal
No. from GZ Sizes of Ejecta Density
l >12 6 to 12 <62
inches inches inches
l feet pounds pounds pounds pounds lb/ f‘t2
1-A 75 = -- -- = o
1-B 100 == = - e 5,
1-C 125 -- 67.50 79.99 147.49 1.47
l 1-D 150 -- 25.00 43.62 68.62 0.69
1-E 200 1L42.00 23.75 y7.12 212.87 2.13
2-A 75 -- -- -- -- --
l 2-B 100 -- -- -- -- --
2-C 125 - -- - -- -- --
2-D 150 76.25 135.50 Lo6 .47 618.22 6.18
2-E 200 149.00 153.25 50.62 352.87 3.53
3-B 100 -- -- -- -- --
3-C 125 2LL.75 2k2.75 343.35 830.85 8.31
l 2~ 150 123.50 196.25 186.11 505.86 5.06
3-E 200 -- 2L7.00 268.36 515.36 5415
Lop 75 -- -- -- -- --
L-B 100 -- -- -- - --
I L-c 125 -- 161.00 306.23 4e7.23 L.67
LD 150 -- 290.75 189.24 479.99 4.80
L-E 200 -- 62.75 79.37 1hk2.12 1.k2
5-B 100 -- -- -- -- --
5-C 125 I3L50 3L4.75 87.7u4 253.99 2.54
l 5-D 150 S5 39.75 99.49 139.24 1..39
5-F 200 it 79.75 32.75 112.50 14713
6-A 75 -- -- -- -- -
6-B 100 -- -- - -- --
l 6=C 125 972.00 963.25 514.08 2,449.33 2L .49
6-D 150 97.25 301.50 311.60 710.35 7.10
6=E 200 166.50 43.28 78.49 288.27 2.88
I 7-A 75 -- == -- -- --
7-B 100 -- -- -- o ==
7-C 125 -- 89.62 59.87 149.49 1.kh9
7-D 150 135.50 -- 61.12 196.62 1.97
l 7-E 200 -- 44,50 126.99 171.k9 i3
8-A 75 -- —— == -- --
8-B 100 -- -- == - =
l 8-C 125 siue - s G o
8-D 150 95.00 -- 35.87 130.87 1.31
8-E 200 -- 65.75 72.62 138.37 1.38
l 8 For further sieve analysis of material in this size class, see Table 3.3.
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TABLE 3.4 EJECTA AREAL DENSITLES

FROM AERTAL PHOTOGRAPHY

Azimuthal Radial Fjecta Azimuthal Radial Ejecta Azimuthal Radial Ejecta Azimuthal Radial Ejecta
Bounds Distance Areal Bounds Distance Areal Bounds Distance Areal Reunds Distance Areal
Density Density Density Density
degrees feet 1b/£‘t2 degrees feet lb/f‘tz degrees feet lb,'f‘tg degrees feet 1b 'f‘t2
249-251 488 0.0083 261-263 713 0.03k4¢ 303-305 813 0.0050 311-313 13 0.0000
513 0.0957 {Continued) 738 0.016¢ 838 0.0LLo (Cantinued) 38 0.0000
538 0.0151 763 0.0213 863 0.0522 af 0.1235
563 0.0510 788 0.0210 888 0.073¢ 588 0.,1667
588 0.0069 813 0.0200 913 0.0713 B3 0.0000
613 0.0266 833 0,0097 938 0.069h
€38 0.0000 BE3 0.01k2 93 0.0763 333313 W63 0.0176
888 0,0000 988 0.1LLO 438 0.0083
251-253 188 0.0589 1,013 0.08LE i1 ), 0000
513 0.0962 263-265 488 0.8966 538 0.0076
538 0.0690 513 0.4217 305-307 he3 0.1486 563 0.0072
563 0.0289 538 0.3419 L8 0.0083 488 0,092
588 0.0277 5€3 0.0579 513 0.0079 13 0.0399
613 0.0738 588 0.1k62 538 0.0076 438 0.0833
638 0.0128 613 0.1458 563 0.0072 663 0.1k23
638 0.1543 88 0.0069 38 0.0237
253-255 L8g 0.0339 T3 0.011h €13 0.0133 13 0.0000
513 0,1182 738 0.0389 €38 0.0645
538 0.0151 763 0.,0053 663 0.0123 31%-31 uo3 0.0088
563 0.0438 788 0.0103 £88 0.0059 L33 0.0668
588 0,0489 813 0.0050 73 0.0000 S13 0,094k
613 0,0734 838 0.0097 813 0.0050 538 ©.0151
638 0.0383 863 0.0094 838 0.0197 563 0.0000
888 0.0046 83 0.0283 39 0.03u6
255-057 L88 0.,2666 888 0.0413 813 0,0399
513 0.0798 265-267 188 0.343¢ 913 0.0L4B 38 0.0961
538 0.0530 513 0.1998 938 0.0260 663 0,0925
563 0.09L8 538 0.6726 X3 0.0k23 683 0.0950
588 0.0139 563 0.2154 988 0.1202 13 0.0000
613 0.0066 588 0.0693 1,013 0. 080¥
638 0.0383 613 0.0801 317-319 hii3 0.0000
713 0.000C 638 0.0897 307-309 L63 0.0352 HEES ©.0000
738 0.0055 715 0.0228 38 0.0167 13 0.0000
763 0.0000 738 0.0500 13 €.0000 38 0..000¢
788 0.0052 763 0.0213 538 0.0000 3 0.014¢
A13 0.0000 788 2.0052 563 0.0000 38 0.027'
838 0.0000 a:3 0.0050 5R8 0. 0000 13 ),0390
%3 0.0047 838 0.0343 13 0.15h3 38 0.1021
888 0.0046 863 0.009k 539 0.13k7 563 0.0L91L
B3R 0.0637 663 0. 02L¢ i, D.059
257-259 438 n.2258 25 0.053 3 Q.00
513 0.5793 267-269 713 0.034¢ 713 0.0000
538 0.1443 38 0.0000 813 0.0283 310-321 b3 0.0088
563 0.1378 %63 0.0107 833 C.00kQ . 0.0339
588 0.0485 88 0.0052 863 0.1549 3 0.0079
613 0.179% 813 0.0100 838 0.0415 34 0.7151
£38 0.1092 838 0.0000 913 0.0451 03 0.0072
713 0.0114 863 0.0655 938 3.0217 33 0.0009
738 0.0389 R83 0.,00b¢ 93 €.5100 3 0.053
763 0.0213 958 0,0288 3 0.0833
788 0.0626 269-271 713 0.00% 1,013 0.0482 3 0.0001
813 0.0h54 738 0.000C 85 0.0059
838 0.00k9 763 0.0000 309~311 uih3 0.0264 ) 0., OO
863 0.0k27 788 €.0052 488 0.0167
888 0.027° 813 0.0000 513 Q.0079 321-323 3 0.0357
838 0.00L49 539 0,0000 3 0.0083
259-261 L88 0.5518 863 0.0000 63 0. 0000 513 0.0159
513 0.3392 388 0.0000 88 0.0000 33 C .00
538 0.,2208 513 0.1004 a3 0.0072
563 0.2038 299-301 813 0.0050 638 0.1543 38 0.0069
588 0.0554 838 0.024¢6 3 0,07k0 13 £.0000
€13 0.0066 363 0.1357 €83 0.0L1k 38 0.0255
538 0.1142 88 1.0509 713 0.0000 3 0.0061
713 0.0460 913 0.0089 813 0.0203 0.0358
738 ©.0055 938 0.0393 838 0.0194 13 0.0000
763 0.0320 93 C.0552 863 0.0L27
788 0.0L465 988 0.0330 888 0.0229 323-3 03 5.0890
813 0.0150 1,013 0.068 913 0.0089 483 . 9000
838 0.0146 338 0.0130 3 0.0079
863 0.0236 301-303 813 0.0100 963 0.0000 38 0.0076
888 0.0553 838 0.0194 988 0.0124 63 0.0000
863 0.0330 1,013 0.1289 588 ). 0069
261-263 188 0.9137 888 0.0413 613 0.0133
513 0.7265 913 0.0315 311-313 463 0.0264 i 1.2113
538 0.5692 938 0.017h4 488 0.0923 i3 ). 055¢
563 0.3307 93 0.029¢ 513 0.0723 5 0.0776
588 0.3867 988 0.0371 538 0.0000 13 D.0000
613 0.1137 1,013 0.1569 563 0.0072
638 0.0323 588 0.0281

® Azimuths are relative to true north.

b

Radial distances are relative to centers of sampled areas.



TABLE 3.5 COLORED-GROUT EJECTA/?ALLBACK RECOVERY DATA

Data were taken from Reference 12.

Radial Grout Distance from GZ Preshot Radial Grout Distance from GZ Preshot
Deviation Depth Deviation Depth
Angle® Preshot  Postshot Angle Preshot  Postshot

degrees feet feet feet degrees feet feet feet
1 0 10 Ay S ik 0 25 340 3
0 10 14 5 (Continued) O 25 250 L
308 10 15 3 0 25 350 3
0 15 18 8 0 10 350 3
0 15 18 T o] 10 Loo L
0 20 30 [ 0 15 Ls0 L
0 20 31 6 0 15 485 3
0 20 31 6 0 15 L90 I
0 20 33 5 o] 15 500 6
0 30 36 L 0 15 580 3
0 5 38 L 0 15 600 3
0 10 63 6 SN 20 650 )
5S 30 N 2 6N 10 680 2
8s 25 67 5 3N 20 700 2
53 30 68 3 3N 20 750 1
SN 10 70 6 o] 15 800 5
9s 20 72 3 18 10 1,000 il
8s 30 75 1 0 15 1,000 2
35 30 0 2 0 15 1,000 5
68 20 95 5 3N 20 1,000 !
SN 30 100 Al 1S 10 1,050 L
Ls 20 105 6 0 20 1,085 il
6s 10 105 L 0 20 1,100 2
3N 30 110 il 0 20 1,100 2
3N 25 110 5 3S 10 1,100 1
uN 25 110 5 0 20 1,120 2
Ls 20 115 5 0 20 1,125 2
Ls 20 125 5 o] 20 1,125 1
0 30 127 1 0 20 1,125 1
6s 10 127 Y 0 20 1,125 3
LS 20 130 L SN 20 1,150 il
58 20 130 L SN 20 1,300 2
3S 30 140 1. 58 15 1,450 2
55 20 145 Y 3N 25 1,450 2
0 20 150 5 0 10 1,450 1
0 30 150 1 3 1SE 0 10 i
2s 25 150 5 15E 0 13 5
LN 10 160 Y 0 20 25 7
0 20 175 Y o] 30 Lo 1
0 25 180 5 0 30 bs al
0 25 200 5 0 20 240 6
0 20 200 3 0 20 250 7
4s 20 300 L w 20 260 6
Ls 20 300 L W 20 265 7
38 20 300 N 1w 20 265 [
1s 20 305 I N 0 270 6
7S 20 310 il 0 o] 330 6
10N 20 320 2 ™ 0 380 6
3S 20 320 n 1w 20 550 L
35 20 320 3 o 20 600 5
N} 25 320 5 1w 20 600 L
3N 10 325 Y o] 20 640 L
0 20 330 i N 20 660 3
0 25 330 3 0 20 660 L
InY 25 330 L N 20 670 L
(Continued)

& Angle of deviation of grout fragment location is relative to a line extending from GZ through the

grout column location from which the fragment originated.

by appropriate abbreviations.

L6

North, east, west, and south are shown



TABLE 3.5 (CONCLUDED)

Radial Grout Distance from GZ Preshot Radial Grout Distance from GZ Preshot
Deviation Depth Deviation Deptt
Angle Preshot  Postshot Angle Preshot  Postshot

degrees feet feet feet degrees feet feet feet
3 .0 20 685 2 : TE 5 L8 5
(Continued) 2W 20 690 3 (Continued ) SE oc 50 5
[¢] 20 700 L SE 2¢ 0 3
W 20 700 3 SE 30 0 1
ey 20 700 3 6E 5 re 6
3w 20 790 1 4E ¢ 3 [&
MW 20 800 2 2E & 100 10
oW 20 810 3 2E 5 100 1
W 20 8ho 2 SE 30 12 "
1w 20 850 2 3E 30 130, 2
o] 20 850 3 3E 1 130 2
0 20 850 3 3E 15 130 5
[¢] 20 850 3 W > 13! 5
0 20 850 3 = 30 139 2
1w 20 860 2 3E 30 140 3
[¢] 20 350 2 [¢] 30 1Lko 2
4E 20 1,130 1 0 15 14 I
LE 20 1,140 i 3E S 150 5
LE 20 1,150 1 3 30 154 2
SE 20 1,350 2 0 ; 250 7
6 14N D 8 S W 20 250 2
1uN S 10 L 2E 20 242 2
14N g 11 € 2E 20 253 2
1kN 9 11 5 W 20 25 2
14N 3 11 6 W 30 25! 6
1kN 5 11 W 20 260 2
SN 20 28 % W 25 26¢ 2
SN 20 30 > W 25 275 4
5N 30 98 3 3 30 280 1
SN 30 98 2 [¢] 20 28¢ 3
21S 10 102 1 W § 2 5]
SN 30 103 3 3W £ 295 €
5S 30 125 2 W ¢ 298 6
2N 30 135 1 N g 32
4N 30 170 i 0 1¢ 330 5
Ly 30 185 1 SE 1 333 3
(o] 10 220 7 10E 2¢ 350 2
0 10 230 6 2E 1 3 3
o] 10 290 7 SW C 370 L
125 10 325 N 3E 15 370 i
12s 10 325 5 2 5 3 I
128 10 340 6 10W 5 380 L
N 10 340 % 0 15 380 3
10S 10 350 / SE 15 380 "
9s 10 360 5 20 25 43 i
3N 1o 370 5 LE 15 460 L
14s 10 400 I 10E 15 50 3
3N 10 Los 5 LE 15 580 2
8s 10 405 6 8E 15 00 2
128 10 410 3 8E 15 50 2
1IN 10 440 6 10E 15, BoO 2
12s 10 460 3 LE 20 794 2
o] 10 490 6 0 15 830 1
108 10 540 4 [¢] 10 830 il
© s s w0 F £ =
25E 2 15 7 - s
1SE 5 115 3 10E 15 1,000 2
10E 10 20 6 3E 2 1,07 2
3E 25 Ly I SE 15 1,100 1
0 15 ks 6 10E 20 1,150 i
SE 15 1,250 1
S5E 15 1,300 1

L7



TABLE 3.6 WES ARTIFICTAL MISSTLE DATA

Package Missile Original Position Distance | Package Missile Original Position Distanc Package Missil Ori,
No. Type® ————— Fjected No. Type _— F‘.:]ectede No(.: R 'I‘ypess < __r o g;:z::ge
Diatance Depth Distance Depth Distance Depth
from GZ gelow from GZ  Below from GZ  Below
urface Surface Surface
feet feet feet feet feet feet feet feet feet
South Radial (205 missiles): South Radisl (205 missiles): (Continued) South Radial (205 missiles): (Continued}
12 ¢-1 2,47 1.72 30 B2 c-1 12.50 2.25 591 1h c-2 20
12 -2 1.84 28 12 C2 2.37 bis iy il ﬁgls‘
112 c¢-b 2.09 25 152 c-b 2.62 643 175 c-1/b 3,74 151
u3  c-1/2 2.31 17 153 c-1/2 2.84 87 175  c-1/4 3.7 151
113 c-2 2.51 16 153 C-1 2.92 513 175 c-1/2 3.7l¢ 151
ﬁa ‘s:-i;g 3.28 11 153 C'ﬁ 3.04 127 175  ¢-1 3.82 151
i 63 ) 53 C- 3.29 160 i 4
0k 2 3.83 10 153 §-1-A 3.80 151 e T ! i 125
11k c-h/ 11:'08 12 s i 3.80 160 s i 595 h 7
115  ¢c-1/2 .30 11 15 c-1 ks 1% C-1 5. 0.62 59
115  C-4 4,75 10 154 c-1/2 4.15 137 121 c-1 | 0.70 k7
121 R ] y 154 c-k 4 60 150 181 c-2 0.82 )
b b.97 18 2 15 b ug2 103 181 c-b | 1.07 355
122 c-1 2.2 20 I G e 22 o ¥e =
122 c-2 2.36 20 22l Oek s 2 o el [ Lee 22
B S g 155  ¢-2 5.02 163 181 s-2-r 1.63 213
123 C-1/h 2.8 17 oo (G b 2 N T o 53
55w 555 1 156 c-1/2 5.49 1ko 181 s-1-A [ 1.63 3%
5 En te T 15 ¢k 5,94 51 181 §-1-L | 1.63 2148
123 §-1-8 3.81 15 b Isd 7 36 1R el I Fia e
2 can g 2 156 S-1-§ 6.50 Lo 121 S-1-P 1.63 362
24 c-1/h 4.6 8 161 ezl 15.00  1.29 977 o | e -
124 c-172 4,16 8 161 $-1-§ 1.78 M7 sl | 1.63 375
12 c-1 L.24 8 161 S-1-A 1.78 860 182 (c::l/’z 3'8§ 22;
w24 ce2 .36 8 161 §-1-A 1.78 834 182 c-1 2011 258
131 s-2-A 7.47 2,02 808 1620 Gl L e 182 c-2 2.23 2y
132 c-1/4 2.29 sLo 162 >-1/2 2.14 516 182 c-4 2.48 165
132 el 2.37 sk A s R 83 c-1/h 200 10k
32 o2 2009 pory 16 c-2 2.3 165 183 ¢-1 2.78 117
5 oL 3ol oo if’g c-1 gg igg 183 c-b 3:15 %
i3 o SR | 1o e w9 | w ol 3 oa
133 c-b 341 us8 3 3.27 165 184 c-2 3.57 u7
133 S-2-A 3.60  A7h B B i 155
K 77 160 ” ;
igt g-; i:gg lgg 1 S e + West Radial (214 missiles):
FE ORI .70 i3b k3 8 3.77 157 211 c-2 2.47 0.9 30
35 Ck L2 133 e & e e = L -
135 c-1/2 ) . a2y | kcET X
12; c-1/ ;‘09(2) ﬁg W ¢ i3 161 212 .2 3;; 13
135 c-2 5.12 130 ey c | L.13 160 212 c-b 2,54 iy
135  c-4 5.37 122 1wk C L.21 161 213 c-1/b 2.76 12
13 c-1 5.67  12b v .33 ) 213 c-1/2 2.7% 10
136 c-2 5.79 124 whooc L.o8 160 213 c-1 2.84 9
136 ook 5.9 118 165 C L.Bo 155 213 c-2 2,96 8
136 §-2-§ 4.53 82 165 Cl L.80 157
137 c-1/2 6.88 99 2 £ Lo 25 el G L
137 c-l 6. 0 g w15 74 e :
137 -2 706 6 o £ 300 152 o R Lt o
165 © 5.25 1h7 S-1-A 1.87 78
W1 c-2 10.00 1.3 973 66 ¢ 5.56 150 222 c-2 2.k2 20
11):; 3-2-8 2.13 326 66 © 5.68 b2 2238 5gend 3.85 12
1 c-1/2 2y L3 16 ¢ 5.93 lh2 224 c-1/2 e 8
ilg el 2.2693 o:gg 1 1 6.41 12 ggt o hﬁg t
w2 cek 2. 633 167 c-1/b 6.76 W2 22k c-b 4265 &
W3 o1 3.25 481 167  C-l/b 6.76 W2 225  c-1 b.9% 7
w3 c-2 3.37 W81 167 C-1/2 6.76 142 2O 9.0 7
W3 c-b 3.62 P 167 c-1 .84 12 225  C-b 5.33 7
W3 s-2-A L.15 354 167 c-2 6.9 12 226 c-1/k 5.5 a0
W3 s-1-8 bas 228 17 c-b 7.21 137 - ' 5.56 8
Wk ce1 L.60 157 168 c-1/b 7.43 1ks 26 c-1 | 5.4 i
1hﬁ c-2 .72 157 168 c-1/b 7.43 k2 226 -2 1 5-76 10
1L cob 4.97 163 168  c-1/2 \ 7.43 k2 226 C-b 6.01 10
1.11:2 g-lz i 5.&55 [N 1068  c-1 7.51 78 231 c-1/2 7.46 0.50 795
L2 c:1§b i U 71 c-l/b 20.00  0.W 618 28h Gl 0.58 55
§é cd g.% B o aan o 975 232 c-b 2.26 573
A s 2 % 171 S-2-§ 1.1 523 233 ¢l 22 31
e G2 e = 171 §-1-§ 1.41 340 233 -2 2.67 5
i i o A 172 c-1/h 1.72 2lo 233 C-b 2.92 b3z
W6 S-2-P 6.81 85 e gelve 1.72 237 233 5-2-A 3.4 368
) g 12 c1 1.80 2 233 §-2-3 3.45 L32
W6 5-2-A 681 18 : A 234
W6 51 681 18 2y G2 logl 2w W e i3 e
W6 §-1-a 681 18 e & 2l 25 e N
W6 s-1-P 6.81 78 s S e = Y
W c-l 7.2l 56 173 C-1/h 239 262 235 c-1/2 4751 2
i 3 = % 173 c-1/2 2.39 251 285 & [ b5 Ed
W7 c-h 760 5k M S 2 = = o ' e 6i
Wy c-1 851 30 H= 1. i 2ol iSg <. 5 | 3 o
or ] e 2 173 c-b 2.8l 266 236  c-2 5.26 75
g 9 wh o eal 3.15 215 23 c-b 5.63 58
151 Cc-1/2 12.50 0.83 629 236 §-2-8 + 6.13 63
151 C-2 | 1.03 920 (Continued) 23 5-1-A 6.13 78
& Key to missile types:
C-l/h one-guarter wedge of 1-inch cylinder c-2 2-inch cylinder §-2-L 2-inch lead spherec
c-1/2 one-half wedge of 1-iach cylinder c-l 4-inch cylinder S-1-F 1-inch plastic spherc
C-l l-inch cylinder S=l=A 1l-inch aluminum sphere S=2-P 2-inch plastic sphere
S-2-A 2-inch aluminum sphere S1-5 1l-inch steel sphcre
S-1-L 1l-inch lead sphere S-2-8§ 2-inch steel zphere
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TABLE 3.6 (CONCLUDED)

Package Missile Original Position Distance Package Missile Original Fosition Distance Package Missile Griginal Fosition Distance
No. Type Ejected [ No. Type ——————————— Fjected | Wo. Type —_—————  Ejected
Distance Depth Distance Depth Distance Depth
from GZ  Below from GZ  Below from GZ Below
Surface Surface Surface
feet feet leet feet feet feet feet r'eet Teet
West Radial (214 missiles): (Continued) West Radial (21h missiles): (Continued) North Radiai (110 missiles): {Continued)
241 S-2-A 10.00 1.83 15359, 263 S-1-A 15.00 3.88 159 343 c-h 10.02 3.02 158
2kl s-1-A | 1.83 997 263 S.2-S 3.88 161 3k - 3.0k 98
k2 c-1/h 2.18 465 264 Cc-1/b | L.24 155 344 c.2 | Lok 9
2k2  c-1/2 | 2,18 504 26k c-1/2 4.2 ih2 3hk -4 i L. 98
22 c-1 | 2,2 165 26k c-2 | PN 162 35 c-h 1 L.9o 62
2k2 c-2 | 2.36 k15 26k c-h | 469 162 i 34
243 C-1/4 2.8y 4o2 265 C-1/4 491 16k 3 5 Gy
243 c-1/2 2.8: L2 265 c-1/k | b9 164 iz; i,_l Lty ;;1; 2;13
243 c-l 2.93 520 265  C-1/2 4.91 164 3 oA 59id iz
243 c-2 3.05 526 266 C-1/4 | 5.59 168 361 R e s
243 o-h 3.30 519 264 c-1/h 5.58 171 351 é-i-;\ | 2',‘1 30
243 s-2-F 3.80 G52 266  c-1/2 | 5.58 163 G55 hnt - 434
243 s-2-A 3.80 490 266 (-1 | 6 188 B2 ool » 28 331
243 S-1-A 3.80 416 266 c-2 5.78 181 32 Sk > 16 36
243 5-1-5 3.80 517 26 C-b | £.03 7 2 3.21 356
oy c-1/b 415 362 26 5-2-A 6.53 75 353 o1/l 343 281
2hh c-1/4 L.15 306 265 S-2-5 8::58 38 353 (*.. / i'ui 52
2Ly c-1/2 k.15 334 266 S-1-A 6.93 59 333 s.o.g 430 25
aky  c-1 | k.23 341 267 c-1/h4 t.90 35 355 ool 4ol Gt
el c-2 k.35 346 267  C- | b.98 35 36 oz io7 14
2lh c-b 4.30 318 267  C.b 7.3 b2 356 Cob | £.52 n
245 c-1/h L .82 301 268 -2 | 7.7 35 350 Sesiip -y A
245 Cc-1/4 k.82 2% 263 C-1/4 I &.2L 4.4 3% Szl 7:00 T
245 c-1 k.90 336 269 c-1/b | 8.24 17 356 s1-8 80 To
2L5 0-2 5.02 365 269 c-1/2 | g.24 E72 356 ine o 10
245 c-b s ko 269 c-1 | 8.32 17 356 S-1.F 700 10
2Le, c-1/k 5.48 3h2 269 C-2 ) 8Ly 17 356 Snca ] %0 10
246 Cc-1/h4 548 353 269  c-b 8.6 16 g o -
246 c-1/2 5.8 349 " - - 361 c-1/2 15.02 R 2,070
U c-1 5.5¢ Lot 27,2 SER 19.32 i 2 o 361 Ceh . 0.9 2,150
24 c-2 5.68 koo 212 co1/h ks 1§53 €1l s-1-A ) 956
20k c-b 5.93 399 27> o172 i ‘? o4 362 .87 137
2k S-2-A 6.49 71 272 ool ‘%o i 362 1.95 118
2l 8-2-L 649 171 A 27 oh 362 ®.07 123
245 §-2-F 6.49 171 b B 183 362 | 2.32 155
2Uf 5-2-5 £.49 171 273 i | o 179 33 2.5% 130
2lo A1l small 6.4 % 2 / : 363 255 135
\ 73 -1 2.48 5 X
spheres (12 273 e 28 172 363 g 144
c-1/h | 6. 171 273 be 2.8 139 *3 = 1his
c-1/4 | i3 e 27k col/2 3.10 5 ¥ w5
c-1/2 6. 171 27 R I8 0 %32 ~0
c-1 6. 177 Sy 3% o 363 51
c-2 7.06 vy 574 2os A 3k 22
Y ; h iR | om I - < N
c-1/ T 1K 275 3 = 35 15
c-1/2 7.5% i s | 2 £ 305 i
A b3k | o= 5
= Lot 3 275 1.5 a3 o ’ 2
c-1/4 8.21 12 & o8 = \ 366 G 14
c-1/2 | 8.21 12 ;R; 2l ii gu; 36+ c 1
-1 8.29 12 s | L 36e -2 14
c-2 1 8.41 12 28 | 32 333 366 cah 7 14
Calt I 8.66 12 e g i 36 §5-2-5 v .2k i
1 L : 7 5-1-3 ol
250 6-1/2 12.49 0.53 1,2h0 281 | 2.0h 180 ?” - s W
251 c-2 1.26 1,323 281 224 15 371 G- : 1L 112
252 C-l 2.49 867 281 2.24 176 AL 0.2 03 57
252 c-2 2.61 L 282 c i 2.61 1h5 XAt c-h ) 957
252 c-h 2,98 o7h 28 ¢ 2.83 142 3N 5-2-3 L1l ¥l
i b6t 282 ¢ | 3.08 110 31 S-2-A oA %3
253 c-1/4 3.20 388 283 c 3.30 120 n S-1-4 18, T
P55, ML) ' 3.28 k15 283 C | 3.30 119 32 e-1 R™ 771
25% c-2 3.40 LB= 283 c. 3.38 114 372 c-1 54 1e8
go  iSaead | .15 =7 283 ¢ V 3.75 11¢ 372 c-2 & 751
o .15 3k2 28k © L.10 10 372 b : 518
25k c-1/k | 4,53 2113 284 ¢ | 4. 107 373 L1t
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TABLE 3.7 RANGES FOR EJECTED 7.4-INCH-DIAMETER ALUMINUM SPHERES

One unidentifiable sphere was found 16 feet from GZ.

Missile Hole™ Depth of Burial Range
feet feet
4 1 0.53 NRb
2 2l 1.4 20
3 ol 2.02 NR
L al 2.63 NR
5 A 3.24 NR
6 1 3.83 NR
4 2 0.98 55
8 2 1.58 23
9 2 2.20 24
10 2 2.82 24
I, 2 3.42 20
12 2 L.09 19
13 NE® NE NE
1k 3 0.30 251
15 3 0.84 260
16 3 Tl 297
e 3 2.07 112
18 3 2.65 108
19 b Yz 984
20 Y 1.8k b1
21 Y 2.45 410
22 b4 B0 i3
23 L 3.68 124
2l b 4.28 99

% Key to preshot locations:
Hole 1 - 3.79 feet from GZ, 345°10'20" azimuth;
Hole 2 - 6.25 feet from GZ, 6°42'00" azimuth;
Hole 3 - 8.78 feet from GZ, 12°12'00" azimuth;
Hole 4 - 11.28 feet from GZ, 14°00'40" azimuth.
b NR--not recovered.

¢ NE--not emplaced.
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TABLE 3.8 IMPACT DATA FOR MISSILES CAUGHT IN STYROFOAM MISSILE TRAPS

Nominal Missile Range Impact Angle Relative Penetration Calculated /A

Diametera Weight to Horizontal Depth Impact
lelocity f*"&;
inches pounds feet degrees feet ft/sec
175 0.12 607 8l 0.13 73 7.7
1.50 0.16 346 83 B.0% 55 &
1.50 0.09 509 75 0.11 70 29
0.90 ¢.05 706 & 0.13 92 [

|

a . :
Smallest sieve opening through which particle could pass.



Figure 3.1 Mineral Rock apparent crater and adjacent debris field.
Circles indicate large particles described in Section 3.1.
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Figure 3.2 A L4OO-pound fragment of a larger missil
that landed about 1,200 feet northeast of GZ. This
fragment (circle) was part of a larger missile whose
splash crater is visible in the foreground of the
picture. Part of the large missile also struck one
of the trees in the background: the broken branches
are visible to the left (arrow).
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Figure 3.9 Recovered cylinder and spheres that were em-
bedded in a block of rock ejected into the crater lip.
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CHAPTER k4

DISCUSSION OF RESULTS

4.1 EJECTA AREAL DENSITY, VOLUME, AND DISTRIBUTION

Several techniques were used to determine ejecta areal density,
volume, and azimuthal distribution in order to describe the Mineral
Rock ejecta field. Some, such as excavation of the crater lip, use
of collector areas, and plane-table surveys, were well-established
testing techniques in ejecta work. However, the use of aerial photog-
raphy for counting and sizing missiles was a new technique. The data
obtained from the conventional techniques were generally good, particu-
larly for the crater lip and adjacent areas. The data from the aerial
photographs were less precise and were limited to particles that were
4 inches or greater in diameter. As mentioned in Section 2.3.2, area
coverage was not as great as had been planned and was restricted to the
areas north and northwest of GZ.

A digital computer was used extensively in reducing the data ob-
tained from the aerial photographs. Appendix B is a listing of the
computer program used. TFor input, data from computer cards concerning
individual missiles (Appendix A) were fed into the computer. All rec-
tangular coordinates were converted to polar coordinates, and a weight
was assigned to each missile according to its size classification (the
procedure for determining the weight-size class relationship is dis-
cussed in Section 4.2). Sampling areas, bounded by azimuthal radials
and circumferential rings around GZ, were then delineated. The stan-
dard sampling area was 2 degrees in width and 25 feet in radial thick-
ness. The program then searched the data and separated all missiles
falling in a given sampling area, obtained the areal density of the
missiles in the area by dividing total missile weight by area, and
listed the missile size distribution in the area. ¥Finally, a least-
squares subroutine calculated the coefficient and power functions de-
scribing the relationship between range from GZ and both ejecta areal

density and ejecta numerical density.
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Using the 1ip excavation, collector area, and acrial photography
data, a quantitative description of the ejecta field in terms of ejecta
areal density was obtained. Figure 4.1 shows contours of ejecta arecal
density in and adjacent to the crater lip to a radial distance of 200
feet. The beginnings of the northwest and southeast rays are clearly
visible. Figure 4.2 is the basic ejecta areal density curve

B RS (4.1)

Where:

i

ejecta areal density

a constant

6
K
R range from GZ

n = an exponent
In the following calculations, 8 1is in pounds per square foot and
R 1is in feet. The debris field is divided into two regions, the cra-
ter 1lip and the area beyond the crater 1lip. The ejecta areal density
equation for the crater lip is

o 4
5 = 2.06 X 10102

(4.2)
This curve was calculated from the data obtained from the 1lip excava-
tion. By combining the collector arca and aerial photography data, the
average curve tor the ejecta beyond the crater 1lip was found to be
- b 5 =2.5
5§ = 6.96 X 10°R 2.58 (4.3)

By combining all data, the average ejecta curve for the entire debris

field became
5= 1.85 x 10°r72" T3 (4.4)
The weight of the cjected material Fw can be estimated by inte-

grating Equation 4.1 for the area under the average areal density

curve and revolving it through 360 degrees. Thus,




R>
szen/ 8§ R dR (4.5)

where subscripts 1 and 2 refer to the selected limits of integration.
In determining the ejecta weight in the crater lip, the limits of in~
tegration are the apparent crater radius . and crater lip radius
r . In determining the weight of the discontinuous ejecta, the

£
limits of integration are r and the maximum missile range r, (see

Figure 1.1). A lower limit ﬁf r_ ~appears permissible for a burst
geometry such as that of Mineral Rock, where there is no definite 1lip
crest. However, when a well-defined lip crest is formed (at rh),

the weight of the ejecta between r, and rh must be calculated
separately. In most ejecta calculations, an upper limit of infinity
for the discontinuous region yields a result little different from that
yielded by the substitution of the meximum measured ejecta range. Tor
Mineral Rock, r, was used to obtain better agreement for ejecta mis-

sile ranges calculated in Section 4.3. For the crater lip (continuous

ejecta)
L

on (2.06 X 10
32

4 -1.62
(Ew) R ) R dR

lip

3 825% lO5 pounds

For the area beyond the crater lip (discontinuous ejecta)

>, 800
err/e (6.96 X 1o5R'2'58) R dR

()

5.98 X 10° pounds



With the upper limit set equal to infinity,

(Ew>d‘ = Bl 10° pound s
is

Integration of the entire ejecta field (Equation 4.5) yields

122 R lO6 pounds for limits r GO
W a e

and

=
Il

L2 X lO6 pounds for limits ra to infinity

For the ejecta in the crater lip, a good experimental check of
the weight was possible. A total of 301,000 pounds of rock was ex-
cavated from the 1lip scctors that fell within the 1lip radius of oL feet,
as explained in Section 2.3.1. These sectors represented approximately
70 percent of the lip area; thus, the total weight in the lip can be
roughly estimated as

17% X 301,400 = 430,000 pounds

From the calculations above, it appears that over 1,000,000 pounds
of rock were ejected from the crater, with about 40 percent of this
amount falling within the crater lip and 60 percent beyond. Volumet-

3 3

rically, this amounts to about 230 yd~ of in situ material, 90 yd~ in

the crater lip and 1LO yd3 beyond. Lxcept for the 1lip measurements,
these figures are probably too low. From the volumetric analysis in
3

Reference 12, about LOO yd~ were permanently ejected from the crater,

of which about 190 yd3 traveled beyond the lip. There are several

possible reasons for this discrepancy of 50 yd3 of ejecta beyond the
lip. Although the photographic sample area was large, it was confined
to the north and west, and may not have been truly representative.

The large boulders 1in other parts of the debris field were not included;

the addition of these would have added significantly to the total.
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Then, too, the exclusion of particles less than L inches in diameter
may have amplified the discrepancy; previous sampling techniques utiliz-
ing collector pads have included small particulate matter, even though
its origin was suspect.

Regarding azimuthal distribution, the two main rays of ejecta dep-
osition were at approximately 120 and 300 degrees in azimuth. Figure
2.4 shows that these rays roughly parallel the main northwest-southeast
joint that passes about 4 feet southwest of GZ. It seems quite pos-
sible that material leaving the crater at low angles could have hit the
joint face and been deflected along a path roughly parallel to the

Jjoint.
4.2 STATISTICS OF NATURAL MISSILE SIZES

In developing a technique for using aerial photographs in order to
count, size, and determine mass density of ejecta missiles, the major
problem encountered was that of assigning a weight to each missile ac-
cording to its presented area A in the photograph. To accomplish this,
a large number of missiles were carefully measured in the field and
their dimensions and weights recorded, as listed in Table 4.1. Length
4 , width w , and their product, the specimen area, are the planar
dimensions that are visible in a photograph. For each specimen, a
welight was calculated by assuming the volume of the missile to be a
rectangular prism with the dimensions of 4 , w , and height, 4d ,
and by then multiplying its volume by the unit weight v of the
granite. The ratio of the measured weight wm to the calculated
weight WC was found to average about 0.5, with extremes of 0.275 to
0.831. The ratio tended to be lower than the average for smaller mis-
siles (<8 inches nominal diameter) and higher than the average for
larger missiles. With the three dimensions available through stereo-
photography, this method would provide a good means of estimating
weight. However, since stereophotography was not available for Mineral
Rock, it was necessary to assign missile weight on the basis of pre-
cented area. It was determined that the data were best treated in

three area groupings and that a linear equation gave the best fit over
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each grouping. The ejecta area-to-weight relationships were calculated

as follows:

Wt = B:15A - 072 Tor A < 50 ; g = O.Sif ‘lt.‘:.a\

W, = 0.30A - Gl Thl S0 <h <190 § = 1JED (4.6b)

W, = 0.30A - 10.27 for A > 120

& 5 @ =T8N (4 .6c)

where Wt is missile weight (based on presented area) in pounds, A

is the presented area in square inches, and o 1is the standard devia-
tion of the data points about the curves. Using these equations, the
mean weights to be assigned to each size class of the aerial photog-
raphy ejecta data were calculated. Area for each size class was assumed
to be that of a circle whose diameter was the midpoint between the size
class boundaries. For example, Size Class 2 was bounded by missiles

of nominal diameters 8 and 12 inches. The midpoint diameter of

10 inches gives an area of T78.5 inr, which, substituted into Equa-

tion L4.6b, gives a missile weight of 1h.4t pounds. Size class weights
calculated in this manner (with allowances for rounding off) were as

follows:

Size Class Weight

pounds

BiE9
1L L
La.2
92.6

200.0

U W

These weights were used in the computer program analysis described in
Section 4.1 and listed in Appendix B.

Of principal interest in the ejecta field are the distribution by
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size of the natural missiles and the changes in distribution by size as
a function of range from GZ. Table 4.2 lists the distribution, accord-
ing to size classes, for the sampling areas given in Table 3.4. For
each area, the total number and total weight of the missiles are listed,
along with the numbers and weights for each size class. Table 4.3
summarizes these data, giving the percentage by weight of each size
class as a function of range from GZ. Figure 4.3 shows missile size
distribution versus range. Because of the limited sampling area, dis-
tance from GZ, and the relatively large missile size of the smallest
size class (4 to 8 inches), the data points show considerable scatter.
However, trends are evident. The percentage of ejecta in Size Class 1
tends to increase steadily with increasing range. The percentage of
ejecta in the largest size classes, Classes 3 and 4, drops off rapidly
with increasing range. As shown in Figure 4.3, beyond 600 or 700 feet
from GZ, these classes are represented by a small number of random mis-
siles. The number of missiles in Size Class 2 rises as the number in
the larger size classes decreases, then begins to decline at a distance
equal to about 25 roo- In general, the number of missiles in the
larger size classes declines as range increases until finally the
smallest size class predominates. It should be noted that the rela-
tive shapes and positions of curves on plots like Figure L.3 are de-
pendent on the boundaries and magnitudes of the missile size classes
used. In the outer reaches of the debris field, where the total number
of missiles becomes small, the continuity of the curves tends to break
down as random large missiles comprise a disproportionate percentage of
the ejecta weight. For Mineral Rock, this breakdown occurred beyond
about 800 feet from GZ, as shown in Figure L4.3. The observed distribu-
tion probably cannot be completely explained until ballistic and drag
coefficients for natural ejecta, as well as initial angles and veloci-

ties of ejection, are determined.

4,3 EJECTA MISSILE RANGES

4.3.1 Scaling Considerations. Empirical scaling of maximum
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natural missile ranges for the Mineral Rock shot geometry is shown in
Figure L.4. 1In view of the sensitivity of ejecta distribution to
charge geometry, only the calibration event with an HOB of 0.9 charge
radius was considered along with Mine Ore and Mineral Rock. Thus, the

Q.31

indicated scaling factor W ° is at present supported by only three

data points and differs widely from the Wl 6 scaling used in Ref-
erence 5. The latter satisfactorily describes the upper limit of
maximum-range data for buried explosions.

4.3.2 Deposition as a Function of Range. The percentage of

ejected material deposited at any range can be determined using Equa-
tion 4.5 and solving for the upper limit of integration. The 90 percent
limit is a frequently quoted figure, since it represents a range of com-

parative safety. Using the equation for ejecta beyond the crater lip,

Rg0
<Ew)9o = on g(- (6.96 X 105R'2"8> R dR

where the subscript 90 refers to the radial 1limit within which 90 per-
cent of the ejecta falls.
R-O.58

6. | Boo (64)"
(4.37 ¥ 107) | 2558 - 2558

5 0.58
(0.90)(5.98 x 107)

R9O = 1,012 feet
Similar calculations can be made for various limits, both within
and beyond the lip. Figure 4.5 illustrates ejecta deposition as a
function of range for Mineral Rock.

4.3.3 Range as a Function of Origin. Ranges of ejected arti-

ficial missiles are shown in Figures L.6 through L.8 as contours (iso-
range lines) drawn through their origins. Ranges of grout ejecta are
similarly shown in Figure 4.9, taken from Reference 12. Figure L.10,
also from Reference 12, summarizes in general the experience of both
artificial missile and colored-grout experiments. Extreme-range ejecta

originated near the surface at a distance of about two charge radii from
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GZ. Similar observations have been made for craters resulting from

comparable shot geometries in soil (Reference 13).

L.L ARTIFICIAL MISSILE DATA

Recovery of identifiable artificial missiles of all types was con-
sidered good. ‘A detailed analysis of the data thus obtained is beyond
the scope of this report; specifically, no attempt will be made to de-
termine drag or ballistic coefficients. Certain general observations,
however, do appear appropriate.

First, examination of the artificial missile data presented in
Table 3.6 and of the illustrations of ejecta origins (Figures 4.6
through L4.9) clearly reveals the sensitivity of missile range to pre-
shot position (depth and distance from GZ). For this reason, compari-
sons of missile performance must be made within a very narrow range of
depths for a given borehole. Further, for the purpose of the initial
assessment in this report, only those missiles that appeared to have
achieved a ballistic trajectory were considered, and those that failed
to clear the crater lip (~100 feet) were arbitrarily excluded. Many
missiles apparently failed to break free from the surrounding rock or
grout, and some of the cylinders, which had been held in a package by
narrow annuli of a paperlike material with strong adhesive properties
on both sides, failed to separate. When this occurrence was confirmed
or strongly suspected, the missiles were excluded from consideration.

There were, of course, many missiles recovered that could not be
identified and were of no value. Some missiles were badly deformed, as
was common with the lead spheres. However, if the deformed missiles
were identifiable, they were listed in Table 3.6, even though their bal-
istic properties may have been altered. In the case of the U4-inch-
iiameter cylinders, several identifiable missiles were sheared in two,
and the two pieces traveled different distances. These missiles, too,
were listed in Table 3.6, but they were not included in the brief analy-
sis presented here. When all exclusions were made, there were far
fewer data points than had originally appeared.

Using the data in Table 3.6, a rough comparison was made of
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extreme ejection distances for missiles from adjacent sphere and cyl-
inder packages. Of the 41 comparisons considered valid, the spheres
traveled farthest in 21 cases and the cylinders in 20, indicating simi-
lar maximum ranges for the two shapes. DNext, comparisons were made of
the effects of missile size and density on ejection ranges of miscsiles
from individual sphere packages and of the effects of micsile size and
shape on ejection ranges of missiles from individual cylinder packages.
For these comparisons, too, Table 3.6 was the data source. Only 16
packages of sphercs were considered in the final analysis, and these
are listed in Table 4.4, which ranks each spherical missile by distance
traveled relative to distances traveled by other spheres in the same
package. In addition to the criteria listed above, it was necessary to
have two or more missiles in a package recovered and identified in
order to make a comparison.

A size comparison between spheres of the same materials shows a
slight (9 out of 15) tendency for the 2-inch sphecres to outdistance
the 1-inch spheres. The aluminum spheres (whose density closely matched
that of the in situ tonalite) provided the range extremes most often,
both in the 1- and 2-inch-diameter missiles. They were closely fol-
lowed by the steel spheres. Only three comparisons could be made for
lead spheres, and all showed poor range performance. As mentioned pre-
viously, the lead missiles deformed badly, although whether the defor-
mation occurred during the ejection process or upon impact could not
be ascertained. Relatively few plastic missiles were recovered, but
the performance of the l-inch plastic spheres was surprisingly good,
and use of a greater number of these might have enhanced the results
considerably.

Tn order to compare the performances of the cylinders and cylin-
drical cections, Table UL.5 was arranged to show the number of times
that missiles of each size/shape category fell within a given range
ranking compared with the number of possibilities for a poorer per-
formance. This approach creates four range ranks (for five size/shape
categories--the last missile in each category had no opportunity for a

poorer performance, hence nothing with which to be compared). The
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results indicate that the maximum range is achieved by a 2-inch-long
cylinder; however, within the first two range rankings, little dif-
ference is noted between this missile, the l-inch-long cylinder, and
the 1-inch-long, half-cylindrical wedge.

Finally, a comparison was attempted between the WES 1- and 2-inch
spheres and the 7.hk-inch aluminum spheres emplaced for Aerospace Cor-
poration (Table 3.7), using the same criteria as before. This time it
was necessary, however, to make the comparison between adjacent bore-
holes on the north radial, thus necessitating a very informal inter-
polation between observed ranges and between boreholes at comparable
depths. Obviously, only a rough comparison is possible. The ranges
associated with the larger spheres were similar to those associated
with the smaller spheres with only one exception: 7.4-inch Sphere 19
traveled a much greater distance than would have been expected from the

missile data for the adjacent boreholes.

4.5 COMPARISON WITH MINE ORE

Volumetric analyses of the Mine Ore and Mineral Rock craters (Ref-
erences 3 and 11) indicate that there was nearly 40 percent more ejected
material for Mineral Rock than for Mine Ore. However, analysis of the
ejecta field areal density indicates (incorrectly) more throwout in the
Mine Ore Event. Two reasons are suspected: (1) the inability of aerial
photography used in Mineral Rock to discern particles less than 4 inches
in diameter, and (2) the fact that the only areas sampled by aerial pho-
tography in the Mineral Rock Event lay generally in the northwest quad-
rant of the test area.

Areal distribution curves for the two experiments, while different,
were sufficiently close to establish a reasonable value for this param-
eter. The maximum ejecta range was definitely greater in Mineral Rock,
for which the distribution curve shows a generally thinner deposition
throughout the ejecta field. Unfortunately, the limited sampling pre-
vented construction of an envelope containing maximum and minimum dep-
osition, as was done in Mine Ore. Figure L4.11 shows a comparison of

average ejecta distribution as a function of range for these two events.
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Also shown in Figure L.11 for comparison purposes is an envelope of
data from explosions of buried charges.

The Mine Ore artificial missile experiment provided only a fraction
of the data provided by Mineral Rock. The number of missiles emplaced
in Mine Ore was only.about 22 percent of the number emplaced in Mineral
Rock, and recovery was poorer (about 19 percent compared with 28 per-
cent). By the time the Mine Ore data were subjected to the same selec-
tion process employed in this study, only 39 data points were available.
All except one of these points were on the south radial. There were
insufficicnt data on cylinders and cylindrical sections (five identi-
fiablc missiles) to support any conclusions. The data concerning
spheres were confined to relatively short-range trajectories (209 feet
was the maximum) for aluminum missiles (only two data points for 2.5-
inch lead spheres). The same dependence on origin was noted, but be-
yond the crater lip no performance trcnds were evident for the 1- and
2.5-inch-diamcter aluminum spheres employed in the Mine Cre experiment.
The larger missiles, however, did appear to clear the lip area more
often than the smaller ones. The very limited data available suggested
a slight trend toward better-ﬁhan-average ballistic performance for
5.5- and 6~inch aluminum spheres, and poorer performance for 2.5-inch

lcad spheres.



TABLE 4.1 EJECTA FRAGMENTATION STATISTICS

Sanple Specimen Dimensions, feet Presented Calculated Measured Calculated wm/wc
Specimen Specimen Weight of Specimen
Length Width Height Area Volume Specimen Weight W
L w d I (#wd) W (erd )Y €
in2 ft3 pounds pounds

2-Inch Grouping:

1 0.22 0.16 0.09 5.07 0.0032 0.15 0.513 0.292
2 0.20 0.16 0.10 4. .61 0.0032 0.18 0.518 0.347
3 0.20 0.10 0.06 2.88 0.0012 0.06 0.194 0.309
L 0.23 0.18 0.15 5.96 0.0062 0.3k 1.006 0.338
5 0.20 0.17 0.07 L.90 0.0024 0.12 0.386 0.311
6 0.20 0515 0.12 4.32 0.0036 0.15 0.583 0.257
7 0.2k 0.12 0.08 k.15 0.0023 0.11 0.373 0.295
8 0.22 0.15 0.10 k.75 0.0033 0.20 0.535 0.374
9 0.20 0.18 0.08 5.18 0.0029 0.13 0.467 0.279
10 0.23 Okl 0.08 3.64 0.0020 0.13 0.328 0.396
11 0.18 0.13 0.07 3.37 0.0016 0.08 0.265 0.30L
12 0.24 0.15 (O Bl 5.18 0.0040 0.29 0.6hk2 0.k52
13 0.23 0.13 0.07 4,31 0.0021 0.11 0.339 0.324
1h 0.20 0.16 0.10 L.61 0.0032 0.20 0.518 0.386
15 0.21 0.11 0.10 3.33 0.0023 0.19 0.37k 0.508
16 0.20 0.12 0.11 3.46 0.0026 0.13 0.428 0.304
17 0.20 0.1k 0.12 L.,03 0.0034 0.19 0.5k 0.349
18 0.25 0.11 0.08 k.00 0.0022 0.21 0.356 0.589
19 0.23 0.14 0.09 L. 6l 0.0029 0.19 0.469 0.kos
20 0.23 0.17 0.07 5.63 0.0027 0.18 0.443 0.406
21 0.20 0.12 0.0k 3.L6 0.0010 0.08 0.156 0.514
22 0.18 0.1k 0.09 3.63 0.0023 0.12 0.367 0.327
23 0.20 0.16 0.09 L.61 0.0029 0.14 0.467 0.300
2l 0.25 0.10 0.08 3.60 0.0020 0.13 0.324 0.kol
25 0.19 0.1k 0.08 3.83 0.0021 0.1k 0.345 0.ho6
Li-Inch Grouping:
15 0.30 0.15 0.12 6.48 0.0054 (oGl 0.875 0.583
2 0.30 0.16 0.11 6.91 0.0053 0.hb 0.855 0.514
3 0.30 0.20 0113 8.6k 0.0078 0.54 1.264 0.ko7
N 0.27 0.22 0.13 8.55 0.0077 0.52 1.251 0.6
5 0.28 0.21 0.14 8.48 0.0082 0.59 1.33k 0.hh2
6 0. 2T 0.20 0.17 7.78 0.0092 0.76 1.487 0.511
7 0.30 0.20 0.10 8.64 0.0060 0.3k 0.972 0.350
8 0.34 0.20 0.12 9.79 0.0082 0.49 1.322 0.371
9 0.30 0.18 0.10 7.78 0.0054 0.37 0.875 0.423
10 0.33 0.19 0.08 9.03 0.0050 0.36 0.813 0.443
11 0.30 0.17 0.12 7.3k 0.0061 0.k6 0.991 0.6k
12 0.31 0.21 0.15 9.37 0.0098 0.70 1.582 0.4k2
13 0.27 0.21 0.1k 8.16 0.0079 0.72 1.296 0.560
1h 0.3k 0.18 0.10 8.81 0.0061 0.47 0.991 0.7l
15 0.30 0.25 0.07 10.80 0.0053 0.47 0.851 0.553
16 0.25 0.23 0.07 8.28 0.00L0 0.22 0.652 0.337
17 0.29 0.12 0.1k 5.01 0.0049 0.27 0.789 0.342
18 0.30 0.17 0.08 7.34 0.0041 0.4k 0.661 0.666
19 0.32 0.18 0.13 8.29 0.0075 0.52 1.213 0.429
20 0.35 0.18 0.12 9.07 0.0076 0.52 1.225 0.425
21 0.32 0.16 0.09 7.37 0.0046 0.31 0.746 0.k41s
22 0.33 0.20 0.15 9.50 0.0099 0.52 1.604 0.324
23 0.33 0.19 0.15 9.03 0.0094 0.51 1.524 0.335
2l 0.31 0.12 0.12 5.36 0.00k45 0.32 0.723 0.4b2
6-Inch Grouping:
1 0.48 0.23 0.15 15.90 0.0166 1.56 2.683 0.581
2 0.55 0.38 0.20 30.01 0.0418 2.85 6.772 0.k21
3 0.ko 0.24 0.18 13.82 0.0173 1.43 2.799 0.511
I 0.53 0.36 0.20 27.48 0.0382 2.30 6.182 0.372
5 0.k2 0.35 0.15 2117 0.0221 1.23 3.572 0.3uk
(Continued)
® Unit weight v = 162 1b/ft3.
(1 of 3 sheets)
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TABLE 4.1 (CONTINUED)

Sample Specimen Dimensions, feet Presented Calculated Measured Calculated wm/w
3 \ 3 7 c
Specimen Specimen Weight of Specimen
Length wWidth Height Area Volume Specimen Welight Wc
2 w a A% (gwd) W (gl )y
in? ft3 pounds pounds

£=Inch Grouping: (Cont'd)

6 0.45 0.25 0.15 16.20 0.0169 1.36 2.734 o0.hg7
7 0.39 0.2y 0.1Y 13.48 0.0131 1.08 2.123 0.509
8 0.bs 0.35 0.2h 22.68 0.0378 3.38 ).124 0.552
9 0.50 0.h43 0.19 30.96 0.0409 2.93 5.618 0.443
10 .44 0.27 0.21 17.11 0.0249 1.8k L,042 0.455
n 0.46 0.26 0.27 1. 22 0.0323 1.89 5.231 0.361
12 0.k0 0.33 0.15 19.01 0.0198 1,57, 3.208 0.489
183 0.43 0.15 0.12 9.29 0.0077 0.63 1.254 0.502
14 0.36 0.35 0.14 18.1k4 0.0176 1.00 2.858 0.350
LS 0.38 0.1 0.17 10.40 0.0123 1.05 1.988 0.528
16 0.45 0.21 0.14 13761 0.0132 0.99 2,143 0.462
17 0.4k 0.26 0.11 16.47 0.0126 0.99 2.039 0.486
18 0.l 0.24 0.17 14,17 0.0167 1.39 2.710 0.513
19 0.46 0.21 0.12 13.91 0.0116 1.30 1.878 0.693
20 0.50 0.22 0.12 15.84 0.0132 0.91 2,138 0.426
21 0.k2 0.30 0.19 18.14 0.0239 1.78 3.978 0.459
22 0.50 0.21 0.17 15.12 0.0179 1.17 2.892 0.405
23 0.50 0.25 0.14 18.00 0.0175 1.45 2.835 0.511
24 0.43 0.24 0.15 14.86 0.0155 1.20 2.508 0.479
25 0.47 0.17 0.10 13 =51 0.0080 0.73 1.204 0.564
8-Inch Grouping:
1 0.67 0.40 0.21 38.59 0.0563 5.33 9.117 0.585
2 0.57 0.29 0.20 23.80 0.0331 3.45 5.35¢ 0.644
3 0.70 0.28 0.20 28.22 0.0392 3.12 6.350 0.491
L 0.65 0.48 0.20 L4 .93 0.0624 3.98 10.109 0.394
5 0.65 0.ko 0.22 37.44 0.0572 4.32 9. 26 0.U66
6 0.60 0.30 0.13 25.92 0.0234 2.05 3.791 0.541
7 0.60 0.35 0.15 30.24 0.0315 2.80 5.103 0.549
8 0.70 0.35 0.25 35.28 0.0613 5.10 9.92 0.514
9 0.70 0.30 0.25 30.24 0.0525 3.48 8.505 0.409
10 0.65 0.43 0.23 Lo.25 0.0623 L. Ls 0.1k o.ha7
11 0.58 0.28 0.20 23.39 0.0325 2.54 5,262 0.483
12 0.60 0.35 0.19 30.24 0.0400 3.38 648k 0.523
13 0.58 0.19 0.10 15.87 0.0110 0.88 LT3 0.493
1k 0.65 0.27 0.20 25.27 0.0351 3.04 5.68 0.535
i 0.68 0.47 0.1h L46.02 0.0uLT 3.40 7.2u¢ 0.469
16 0.70 0.24 0.13 2h.19 0.0218 2.06 3.538 0.582
17 0.64 0.ko 0.23 36.86 0.0589 L.17 9.539 0.437
18 0.60 0.33 0.25 28.51 0.0L495 4.83 8.019 0.602
19 0.60 0.27 0.19 23.33 0.0308 3.28 4 .986 0.658
20 0.58 0.35 0.27 29.23 0.0548 L.37 8.879 0.492
21 0.60 0.24 0.20 20.74 0.0288 3.29 L .666 0.705
22 0.64 0.48 0.20 L 2l 0.0614 4.31 9.953 0.433
23 0.63 0.40 0.23 36.29 0.0580 5.13 9.390 0.546
24 0.63 0.34 0.23 30.84 0.0493 3.13 7.981 0.392
10-Inch Grouping:
3 0.85 0.43 0.37 52.62 0.1352 12.05 21.908 0.550
2 0.90 0.45 0.27 58.32 0.1094 9.11 L7705 0.51k
3 0.90 0.3k 0.27 Ly, 06 0.0826 9.49 13.384 0.709
Y 0.85 0.35 0.34 L2 84 0.1012 10.31 16.386 0.629
5 0.80 0.59 0.18 67.97 0.0850 9.02 13.764 0.655
6 0.75 0.58 0.30 62.64 0.1305 10.31 21.141 0.488
7 0.77 0.43 0.27 L7.68 0.0894 11.10 14,482 0.766
8 0.90 0.36 0.25 Le .66 0.0810 7.22 13.122 0.550
9 0.82 0.34 (0¥ 4 Lko.15 0.0474 b Ly 7.678 0.578
10 0.96 0.u7 0.25 €h.97 0.1128 11.65 18.274 0.638
(Continued)
(2 of 3 sheets)
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TABLE 4.1 (CONCLUDED)

Sample Specimen Dimensions, feet Presented Calculated Measured Calculated wm/wc
Specimen Specimen Weight of Specimen
Length width Height Area Volume Specimen Weight W
] w d o (gwd) W (gwd )y
in2 ft3 pounds pounds

10-Inch Grouping (Cont'd):

11 0.98 0.35 0.29 49.39 0.099L PTR 16.114 0.479
12 0.90 0.38 0.35 Lg.25 0.1197 7.98 19.391 0.L412
13 0.75 0.65 0.21 70.20 0.1024 10.33 16.585 0.623
14 0.80 0.50 0.25 57.60 0.1000 11.28 16.200 0.696
15 0.98 0.55 0.21 77.62 0.1132 9.67 18.337 0.527
12-Inch Grouping:
1 1.00 0.63 0.32 90.72 0.2016 15.53 32.659 0.476
2 1.03 0.55 0.19 81.58 0.1076 12.24 17.437 0.702
3 0.90 0.50 0.32 64.80 0.1L%0 10.41 23.328 0.446
Y 1.08 0.55 0.26 85.54 0.1544 14.66 25.019 0.586
5 1.08 0.62 0.28 96.42 0.1875 14.32 30.373 0.471
6 1.00 0.40 0.20 57.60 0.0800 7.00 12.960 0.540
7 0.92 0.55 0.35 T2.86 0.1771 19. . 26.690 0.692
8 1.07 0.52 0.28 80.12 0.1558 15.95 25.238 0.632
9 1.04 0.50 0.4 74 .88 0.2288 20.00 37.066 0.540
10 1.09 0.85 0.30 133.k42 0.2780 21.00 45.028 0.466
211 1.00 0.60 0.34 86.40 0.2040 16.74 33.048 0.507
12 0.98 0.53 0.40 74.79 0.2078 15.74 33.657 0.468
153 0.90 0.70 0.23 90.72 0.1LkLg 12.70 23.474 0.541
14 1.05 0.75 0.4s5 113.40 0.3544 31.00 57.409 0.540
15 1.03 0.50 0.30 74.16 0.1545 12.14 25.029 0.48s
14-Inch Grouping:
1 1.6 0.67 0.30 111.92 0.2332 16.92 37.772 0.448
2 1.20 0.73 0.ks 126.14 0.3942 30.11 63.860 0.471
3 1.20 0.80 0.27 138.24 0.2592 22.09 41.990 0.526
L 1.20 0.86 0.47 148.61 0.4850 42.50 78.576 0.541
5 1.25 0.70 0.32 126.00 0.2800 20.50 L5.360 0.452
6 1.20 0.90 0.2 155.52 0.4536 37.75 73.483 0.51L
7 1.18 0.52 0.34 88.36 0.2086 17.50 33.797 0.518
8 1.23 0.60 0.32 106.27 0.2362 23.50 38.258 0.614
9 1.23 0.48 0.28 85.02 0.1653 18.25 26.781 0.681
10 215, 0.70 0.28 115.92 0.2254 23.75 36.515 0.650
n 1.15 0.70 0.50 115.92 0.L025 L2.00 65.205 0.6L4
12 1.23 0.70 0.30 123.98 0.2583 18.50 41.845 0.LL2
13 1.20 1.00 0.ks 172.80 0.5400 35.00 87.480 0.400
14 1.20 1.05 0.55 181.44 0.6930 53.75 112.266 0.479
15 1.30 1.05 0.32 196.56 0.4368 30.00 70.762 0.h42k
16-Inch Grouping:
1 1.52 1.00 0.32 218.88 0.4864 38.25 78.797 0.48s
2 1.32 0.60 0.38 114.05 0.3010 33.00 148.756 0.677
3 1.ko 1.30 0.62 262.08 1.1284 70.50 182.801 0.386
y 1.50 0.98 0.60 211.68 0.8820 50.00 142.884 0.350
5 1.50 1.20 0.47 259.20 0.8460 6L .25 137.052 0.469
6 1.k0 0.55 0.40 110.88 0.3080 26.00 49.896 0.521
7 1.35 0.80 0.40 155452 0.4320 L4.50 69.984 0.636
8 1.k2 0.60 0.40 122.69 0.34%08 41.00 55.210 0.743
9 1.32 0.93 0.50 AT6RTT 0.6138 48.00 99.436 0.483
10 1.51 0.90 0.47 195.70 0.6387 59.00 103.474 0.570
18-Inch Grouping:
ik 1.50 1520 0.55 237.60 0.9075 95.00 1k7.015 0.646
2 15.970) 1.35 0.63 330.48 1.4459 9%.75 234,228 0.413
3 1.90 1:205 0.42 287.28 0.8379 112.75 135.740 0.831
L 2.15 1.15 0.65 356.04 1.6071 167.00 260.354 0.641
5 1.80 1.23 0.55 318.82 1.2177 110.75 197.267 0.561

(3 of 3 sheets)
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TABLE 4.2 NATURAL MISSILE DISTRIBUTION BY SIZE

No Class 5 missiles appeared in the sample areas.

Numbers and Weights of Missiles in Indicated Size Classes

Collector Area
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pounds

Class L

pounds

Class 3

pounds

Class 2

pounds

Numbers and Weights of Missiles in Indicated Size Classes

Class 1

Number Weight Number Weight Number Weight Number Weight

Totel
pounds

Total
Missiles

Distance Number of Weight
feet

TABLE 4.2 (CONTINUED)
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(CONTINUED)

TABLE k.2

Numbers and Weights of Missiles in Indicated Size Classes

Collector Area

Class 2 Class 3 Class b

Total Class 1

Total
Distance Number of Weight

Azimuthal Radial
Bounds

Number Weight Number Weight Number Weight

Number Weight

Missiles

pounds pounds pound s pourds pounds

feet

degrees
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TABLE 4.2 (CONCLUDED)

Collector Area Numbers and Weights of Missiles in Indicated Size Classes

Azimuthal Radial Total Total Class 1 Class 2 Class 3 Class 4
Bounds Distance Number of Weight
Missiles Nurmber Weight Number Weight Number Weight Number Weight

degrees feet pounds pounds pounds pound s pounds
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TABLE 4.4 SPHERICAL MISSILE PERFORMANCE

Each sphere is ranked by distance traveled relative to distance traveled
by other spheres in the same package.

is ranked 1.

The missile that traveled farthest

Missile Range Rank/Number of Missiles Recovered Per Package

Package

No. 1-Inch Spheres 2-Inch Spheres

P? A g L P A S 7
143 -- o 2/2 = . 1/ s ==
153 1/2 o/2 -- -- =5 -- - .
161 2/3 3/3 1/3 -- -- -- -- --
163 2/5 s 5/5 -- 3/5 L/5 -- --
171 -- -- 2/2 -- -- -- 1/2 --
181 3/8 2/8 4/8 7/8 8/8 5/8 1/8 6/8
233 e -- -- -- -- 2/2 /% --
2Ll - 2/2 - e s 1/2 . ==
23 == L/4 2/l -- 1/4 3/l -- --
P e o s -- -- 1/2 2/ --
263 -- 1/3 3/3 = - = 2/3 =
281 = —~ B - - =
3k1 e - B8 -- = 1/3 2/3 -
85 -- 3/3 -- -- -- 1/3 2/3 --
371 -- 3/3 -- -- -~ 2/3 1/3 =
381 5 —= B -- — /% b 3/k
e Key: P-plastic, A-aluminum, S-steel, L-lead.

86



TABLE 4.5 CYLINDRICAL MISSILE PERFORMANCE

No. Times in Rank/No. Possibilities for Poorer “erformanceb

Range
Rank®
1/4-Wedge 1/2-Wedge 1-Inch 2-Inch 4-Inch
Section Section Cylinder Cylinder Cylinder
1 8/27 5/26 8/29 12/28 1158
2 8/22 12/19 13/24 7/84 5/25
3 8/15 6/13 L/18 6/17 8/15
L 2/6 1/6 L/6 3/¢ 5/6

& Each cylinder or cylindrical section was ranked by the distance
traveled relative to the distance traveled by the other cylinders

or cylindrical sections from the same package.

The two 1/L-wedge

sections in each cylinder package were both ranked, if both were

recovered.

Number of times any missile of indicated size/shape category was

ranked in indicated position divided by the number of possibil-
ities for poorer performance for all the missiles recovered of
indicated size/éhape category.
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1.38

SCALE IN FEET

50 o] 50 100 150

i | | |

Figure 4.1 Ejecta areal mass density contours in and ad-
jacent to the crater lip. Spot densities and contours are
in pounds per square foot.
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Figure 4.2 Ejecta mass density versus range.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

The Mine Ore and Mineral Rock Events provided good information on
ejecta areal density and distribution for this medium and shot geometry,
but left some basic questions unanswered regarding reproducibility of
crater ejecta data. The volume of ejected material in Mineral Rock was
much greater than was predicted based on Mine Ore data. Proximity of the
two GZ's and possible disturbance of the rock mass in the region of the
Mineral Rock crater caused by the Mine Ore blast should be considered as
a reason for the discrepancy. The failure of the ejecta sampling pro-
cedure to indicate the increase in ejecta determined by the crater volu-
metric analysis reflects the inadequate circumferential coverage of the
aerial photography and its inability to account for particles smaller
than 4 inches in diameter. In spite of this, "the concept of the Mineral
Rock experiment and the methodology developed for the event were sound.

The crater regions contributing to various ejecta volumes and dis-
tances were satisfactorily defined for the Mine Ore/Mineral Rock shot
geometry, and good agreement was noted between the two events. These
regions were also relatively the same as those observed for surface
bursts in soil.

By using artificial missile experiments, ejecta photography (Ref-
erence 14), and impact data obtained for natural missiles, it would be
possible to reconstruct the major portion of the ejecta tcrminal tra-
jectories for Mineral Rock and to include tentative values for bal-
listic and drag coefficients. Although such a study is beyond the scope
of this report, if this terminal trajcctory data were to be considered
with the size distribution data already developcd for Mineral Rock, the
hazards to personnel and structures associated with the Mineral Rock
shot geometry could probably be quantified. Smaller particles (in this
case, 4 to 8 inches) would tend to dominate the ejecta field beyond

distances of 25 to 30 crater radii from GZ, as has been observed on
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surveys of the ejecta field periphery.

Volumetric analysis pointed up some discrepancies between the
crater and ejecta studies. Analysis of the ejecta sampling indicated
that 230 yd3

too low when compared with the crater volume. About 90 yd

of in situ material was ejected, a figure that appears
B 2w
was deposited in the crater lip.

0.3

In future experiments, a factor of W ' should suffice for
scaling maximum ejecta range r, between charge weights for this and

closely similar shot geometries in rock. Thus,

where the subscripts 1 and 2 denote different experiments. Presumably,

the 0.3 exponent will decrease with increasing burial depth.

5.2 RECOMMENDATIONS

Aerial photography should be continued as a means of obtaining
ejecta measurements in rock, and efforts should be made toward its re-
finement. Specifically, improvements in identification and resolution
of ejecta particles and in determination of the height dimension should
be sought in addition to improvements in film and camera quality, flight
techniques, and survey control. Color, infrared, and stereophotography
should be considered in future eXperiments. Due to economic consider-
ations and due also to the uncertainty of the results, the use of such
photography was not justified for Mineral Rock, but improved technology
may change this. If aerial photography cannot be refined so as to
permit counting of smaller particles (e.g., 1- or 2-inch-diameter
samples), it will become necessary to supplement the photography with
ground sampling to obtain an estimate of total ejecta. Count-and-weigh
sectors have been successfully employed for such sampling. However,
the use of small collector trays for this purpose is not recommended,

since the effort associated with the technique is disproportinate
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to the results that can be obtained.

In future ejecta measurement experiments, the entire debris field
should be photographically documented. Once this has been done, an
adequate sample can probably be obtained through careful selection of
counting areas, thus minimizing the cost associated with the time-
consuming task of counting individual particles. Here again, the ex-
perimenter should be ever alert to technological advances such as op-
tical scanning techniques. As with other crater measurements, it would
be prudent to obtain good photographic records of ejecta fields for all
large detonations, regardless of whether any immediate use of the data
is anticipated.

Use of collector areas in and adjacent to the crater lip should be
continued for explosions in cohesive material, where it 1s necessary to
obtain guantitative data. For this particular shot geometry in rock,
however, future sampling could be reduced, since good agreement was ob-
tained for the weight of ejecta deposited in the Mine Ore and Mineral
Rock crater lips.

Future sampling of ejecta fields, especially in the discontinuous
region, must also include data on the statistics of particle fragmenta-
tion. This aspect of the Mineral Rock experiment provided some of the
most useful information. Additional data are needed on an expanded
range of rock sizes and for additional locations in the ejecta field.

Analysis of the artificial missile data should be undertaken at an
early date to determine what was learned about the ballistics of ejected
material. Additionally, comparison of the Mine Shaft ejecta data with
results of theoretically oriented approaches appears promising. Some
progress has been made on mathematical modeling of ejecta resulting
from buried explosions (Reference 15), and it is recommended that
correlation of theoretical .and experimental observations be considered

a priority item in cratering research.
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APPENDIX A

AERIAIL PHOTOGRAPHY EJECTA COUNT

The aerial photography of the Mineral Rock ejecta field was ac-
complished by Teledyne Geotronics, Inc., 725 East Third Street, Long
Beach, California, under contract to the WES. This contract called
for preshot and postshot photography of the test area and analysis of
the results. Tables A.l through A.8 are computer printouts showing
the ejecta particle count for the eight useable photographs that were
obtained, including size classifications and locations of natural mis-

siles. The smallest identifiable particle was 4 inches in diameter.

Coordinates (in feet) were based upon an assumed set of GZ coordinates.

The size classifications applicable to all tables are given below.

Classification Size Range
Code (Diameter)

inches

4 to 8
>8 to 12
>12 to 18
>18 ¢ 2k
>2h to 36

JFEW D

102



TABLE A,

TOTAL NUMBER OF PARTICLES COUNTED -

COORDINATES ARE IN FEET RELATIVE TO GZ.

EJECTA DATA FROM PHOTOGRAPH NO.

COORDINATES ARE SOUTH AND/OR WEST OF GZ.

S1ZE

COORDINATES
CLASS NORTHING

562.365
529.419
544.917
608 .688
716,580
655.008
619.686
544,368
719.314
569.968
2905957
616.638
557.454

EASTING

-254.587
=208 551
=192 . 661
-148.811
=91 60
-103.963
-101.734
=57.370
-72.883
-257.631
=212.721
=1 T8 121
-151.076

S

CLASS NORTHING

NI M) — e = e e e

73
25,
NEGATIVE
COORDINATES

EASTING
519914 =226.032
586525 =~209.587
534,156 -144,298
717.629 -93.,469
651.316 -104,592
611,335 =96.550
605.613 -64,704
602.150 -225,165
563.792 -100.879
644,204 -147,830



TABLE A.2 EJECTA DATA FROM PHOTOGRAPH NO. 74

TOTAL NUMBER OF PARTICLES COUNTED - 6e

COORDINATES ARE IN FEET RELATIVE TO GZ. NEGATIVE
COORDINATES ARE SOUTH AND/OR WEST OF GZ.

SIZE COORDINATES SIZE COORDINATES
CLASS NORTHING EASTING CLASS NORTHING EASTING
1 839.385 =-161.830 1 810.078 =141.740
1 7824137 =-166+135 1 8124137 =-116.079
1 817261 =-1164260 1 875314 -62+ 330
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jﬁELE_f:§_NEJ?€TA DATA FROM PHOTOGRAPH N0,

TOTAL NUMBER OF PARTICLES COUNTED

TOORDINATES ARE 1IN FE.T RELATIVE YO 57,

COORDINATES ARE SOUTH AND/OR WEST OF GZ.

oLk CONRUTHATES
EASTING

CLASS NORTHING

1 -12,312
1 "18.',1)
1 -29..94

1 -¢8,13.

g

1

'261’3/2
S ST
'6\30178

[

TTT{TTTT=337636

"\50. “725
T=40,G27
-47,60y
=47,]57
=48 w1 v3
TS T O
-36,997
TT=37.,748
-97,8871
-36,0655
G k)3
TTTT=49 ,E 1A
-43,9384
=47 .51
=Dl 3
i O
47,744

|

|
t-Jl—' L‘;)—#l—qln-kl—l

I
I

L

[ RSN S

y
I
t
|

;
(WYY

|

-43,043

[ e
t
o
~,

-26,49,

IR 36

-466,

-480
T =484
-479
~-4Ry
-475
-471
-477
-4373
-484

-484

-437%.,
=470,
-47¢g.
-478 .
~474
-474",
-4565.
-454,

-5 .

-457
441

480

.N61
.897
859
293
.598
. 455
.B96
422
Sl
=483,
i)

650

697
1€53
246
b2
396
361
1996
A2
g

.924
s P
-445,
-472.
-471,
-472 ¢

979

105

SIZE
CLASS

- - -

AU S S T IO T N O e S e S SN R e el ool ol ol ool ol el el ol

o1
12572
NEGATIVE
T COORDINATES
NORTHING EASTING
-13.50%  -474,0¢62
-30.599 -4b6b,327
-25.895 -408.067
-27.77% -430,333
-25.,490 -477.632
~25.861 -407.4L9
~31.093 -475,.62
-32.900 -482 815
-34,755 3 T L s S
-39.6030 -4b64,151
-4,.050 -484,035
=g + 2217 -479,783
~A45.1°90 =43 T b
-44,392 -479,131
-40,5841 -478.703
-39.6c0 SH0/55, 508
-37.4L9 -470,317
-3%.1681 -465,5783
-47 ,418 -403,1572
-37.7¢68 ~44G,515
=417 . BB =493 ,454
-45.50,9 =429 ,825
) T B e o (T I Y
-47.56% =-487,564
-51u.279 =R 2
-44,713 -4/2,3855
-44 206 -e75,514
<D, 299 =arS 227
-55,261 -d477.,94%
-05.441 -4=2, 535
=57.747 -4/79,513
-nid. 685 =g TS
=5E 293 G I
-54,438 -4/2.36G7



TABLE A.3 FJECTA DATA FPENM PHOTOGRAPH 0. 81 (CONTINUED)
A CNORDINATES OREE CONDDINATES
CLASS NORTHING FASTING CLASS NOPTHING EASTING
! =72,451 -470.987 1 -70. - 5o
1 -68,356 =-471.539 1 -66.634 =468,289
1 60,425 =468.726 1  <=59,705 -469,944
1 -98,774 -471.446 1 -54,645 =469,349
1 =%6,205 -4567.898 1 =56.561 =466,232
1 ~95,414 -465,640 1 ~56,045 =-465,003
1 -58,441 =463,476 1 -56.,341 -463,355
1 -55,0064 -463.312 I =54.059 -3462,060
1 -54,473 -461.939 1 -55,089 =-461,854
1 =97,626 -481.029 T -B0,.361 -460.953
1 -%4,061 =-456,163 1 -55,532 -455,900
1 =55,662 <=455,059 I =58.,323 -=453.041
1 -60,671 =454,895 L -62.414 -451,546
1 -65,219 -449,774 1 -65.525 -448,501
i «67,.43 =-454,131 il ~74,657 =456,586
1 =72,18T -3457.996 T =71.515 =456.2356
1 ~70,397 -457,169 ;I8 -69.604 =-456,396
(1 =68,134 -458.142 1 ~66.224 -464.,206
1 -67,102 =464,402 1 -72.198 =-465.193
1 -/5,576 =462.,113 i =77.311 -458.,23°
1 -70,698 =-445,895 1 ~73,416 =445,010
1 -75,5¢2 -445,781 1 -78,691 -4344,057
1 -81,402 -447.103 1 -81.,369 -449,141
1 -85,113 -447.435 1 -B6.BU3 -447,563
1 -88,327 -443,401 1 -97.311 =444,326
1 =Y3,918 -345,050 —1 -100.379 -448,866
1 ~91,639 =-449,207 a -94,691 =452,046
1 =100,365 -454.823 5 -97.156 456,478
1 -96,228 -457.,513 1 ~90.124 -455,377
1 =Y0,937 =-452,980 1  =BY,076 =452.,181
1 -87,282 =-453,307 1 -84,599 -455,582
I -83,6186 =455,953 1 ~ -80.791 -458,106
1 -83,213 -466,094 1 -83,353 =469,642
1 "8, 197 =471, 037 T =73.379  =478,140
1 -73,863 -478,330 i -76.,555 =481,801
31 = WII,007 ~482.055 1 =79.,0%6 -482.012
i ~-/9,465 -480.573 1 =77.361 =479.695
1 =83,157 -482.603 T =87.183 =475,087
1 ~91,157 -480.972 1 -94,498 =-477,760
)’ ~101,541 =-476.192 1 -100.468 =-472,182
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TARLE A.3 FJECTA DATA FROM PHOTOGRAPH NO. 81 (CONTINUED)
SI7F CONRDINATES SIZE CONRDINATES
CLASS NORTHING FASTING CLASS NODPTHING EASTING
——1=98,656 =475.30% 1 — ~98,106 474,054
1 ~97,490 <~473.535 i -97,473 -473,203
'———r————vV?—tte——v#?zftt7_ ‘“1—‘_"‘9T7038‘—'#?2.388
1 92,654 =469,493 I ~92,641 =-465,893
1 =97, 85T =462, 383 T 98,3061 ~36%, 4285
1 '95.852 -469.183 1 -980073 -4689076
— 1 1017991 =468.220 4 =103,665 462,936
1 ~112,683 -467,605 1 -114.803 =-464,011
: 471649 1112836 472,975
1 -110,573 =472.269 1 -109.125 =472,854
— =0 60 =AY A I SLIU AT A IT S
1 -109,747 =476.565 3 -110.321 =-478,014
_—T—EﬂW%hr—ﬁ%fﬁwu 1 =11t 779 476,468
1 ~117,129 =-474,470 1 =119, 733 =471,543

1 =125,9%2 =471.569 1  -121.1%3 =368,13%5

i -121,922 -463.718 1 -123,361 -456,886
1 *117,08T =3456.725 e =II1%,.39% =454, 37%
il -111,129 -450.897 i -105.113 -448,330
- : ~443,601 1T =117 065 ~446.990
1 »127,893 -444.951 1 -139.980 =448,395
1 «143,065 -452,354 1 -143,635 =453,437
1 +151,428 -464.913 & -157.299 -466,351
i ~160,040 -442,101 1 -171,981 =461,153
1 <17/9,196 -472.860 1 -181.74¢ -3471,392
1 ~183,426 =472 ,057 g4 -208.474 =462,627
1 ~195,614 =-477.152 1 -202.063 -482,099
3 «195,871 =485,263 1 -196,193 -488,194
1 «191,091 -486.,587 1 -191,994 -482,779
1 -190,641 -483.520 1 -188.427 =482,990
1 -18%,375 -484,074 1 -182.772 -48B4,024
i ~182,907 =-483,509 4 -177.733 =481,769
1 =182,165 -488.,92p 1 -172.744 483,393
il -167,883 =485.776 1 -156.416 =489,548
1 ~=163.098 -497.298 1  -162.449 -495.307
gt »167,077 =493,338 1 -182,363 =510.805
i -188,543 -506.852 1 -197.393 =349y,337
1 ~207,944 =497,661 i -198.260 <+=519,309
1 -196,802 =-521.091 i -1%90.987 =520.,305
1 =164,898 -518,472 1 -155,357 =509,448
1 «153,813 -508.667 1 -146.865 <-=502.004
1 -145,813 =500.958 1 -138.530 =-490,615
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TABLE A.3 FEJECTA DATA FLOM PHOTOGRA®H NO. &1 (CONTINUED)
SI17F CHONRDINATES SIZE CONNDINATES
CLASS NNRTHING FASTINA CLASS NODPTHING EASTING
3 -129,924 -4B88.502 1 -125.233 -484,572
1! «108,862 -482,514 1 -104.769 -482,231
1 -110.,136 -491.755 1 -115.006 =-491,045
1 «115,272 =492.896 i -117.275 =490.897
1 -126,7872 -493.9%90 1 - : ® : o
1 «132,576 =522.271 1 -129.782 -525,212
i ~1Z24,895 -526.725 1 -119.11I3 -528,210
1 ~118,813 -523.944 1 -113.500 =529,073
1 ~112,334 -524.338 1 -108.016 -513.%974
1 -106,541 -501.742 . -106.443 +506,742
1 ~104,466 -510.679 b -101.593. -511.257
1 #¥5,121 =517 .813 1 -103.362 =-524,370
1 =104,993 -529.360 T -90.230 -530.7/08
i -89,893 -530.887 1 -88.920 =530,057
1 -89,751 ~-528.675 1 -90.475 -526,529
1 -88,251 =526.161 1 -86,809 =529,356
1 =85,517 -528,991 = 1  +=83.161 527,110
1 ~80,423 =-529.609 1 -80,272 =530.155
1 <786,173 =-530.13%6 3l =75.614 -529,481
1 -69,255 -530.705 1 -67.970 +=531,689
1 -62,336 -531.739 1 -59,784 -531,866
il -66,677 -527.379 1 «60.439 -518,860
i -64,280 -517.892 1  -63.8BU4 -520.109
1 ~69,458 -519,238 4 -71.2%5 -518.774
1 =73,417 -519.873 1 <73.589 ~520,232
5} -74,285 -520.598 5l -85,063 -=521.731
1 82,428 -518.785 1  -8B0.323 -516,480
1 -77,191 -516.041 T -79.,640 =514,226
1 -88,31% -515,783 1  ~%0.957 ~-510,500
1 -92,,46 =-507.812 i -91.710 -507.261
1 =¥1,/01 =HUD, 24/ s =YL.273 =D>Ub,U45 -
1 -93,202 =-507.782 1 -93.920 -509,095
1 ~95,314 -507,322 1 -94,393 -%05,877
1 =59,898 -501.673 1 =99,739 -506,7869
i «100,500 =505.913 3 -102.000 =502.022
1 =99,131 -503.169 I =98.277 -501,781
1 -97,669 -500.237 1 -98,239 =-497,613
1 =“¥7.736 -498.072 1 — =95.23434 =0 51D T
1 -94,u96 -501.313 1 -92,358 =503,189
1 -86,609 =-505.669 1  -B6.509 -504,232
1 -85,,59 -503.726 1 -81.,266 =503,830
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TAPLE 4.3 FEJECTA DATA FIROM PHOTOGRABH NO. 81 (CONTINUED)
SI17F CONRDINATES SIZE CONHDINATES
CLASS NARTHING FASTING CLASS NODRTHING EASTING
9 =80,299 -503.850 T =B0.383 ~=506,824
1 -69,007 =512.,520 1 -66,520 -512,822
T =%7,110 -514.129 i  =565,955 -514,553
i -65,330 =-515.,255 i ~63,941 -516,555
i -62,J005 ~514,745 £ 00 -60,018 -515,505
1 -58,539 -516.615 1 -60.500 -513.297
G =57.,532 =-512.66%8 1 ~60.632 -509.188
1 -%6,466 =498,505 1 -58,095 -498,521
1 -59,882 -501.686 i -63.223 -=505,769
1 «65,438 -506.966 i -67.,370 -507,890
i -869,925 -508.546 18 -71.694 -505,737
1 -72,943 -504,312 o -71.822 =-%04,221
it =66,637 -503.081 38 ~63.507 =500, 3470
ol -66,195 ~501.383 L -66,384 -499,671
1 -06,492 -498,101 1 ~71,610 -500,067
1 -73,542 =-501.570 1 ~-73,669 -501,312
T =73,721 -500.539 1 ~76.,521 -500,.811
1 ~77,488 =499 ,075 1 -79,077 =-497,715
1 =80,549 =496.493 T =83.065 =500,560
i} -85,370 -500.104 | -86,287 =495,934
1  -87,906 -495.,170 i ~91.,491 -494.,450
i -101,207 -490.411 1 ~102.809 -490.500
1 =102,707 ~-487.578 1 =104.771 =-486.973
4 ~95,218 -484.879 -4 ~94,944 =-483,702
1 =75,367 -3487.356 T =~77.5695 <=486,939
of ~78.476 -487.562 1 -80.834 -487,399
3 =870,925 -388,549 1 =78.923 470,387
1 ~-/8,736 -491.053 1 ~78.386 =490,617
1 =77,33%3 =490.567 = 75,921 =493,743
il ~74,796 -491.288 1 ~73.917 =492,61?
P =71 2.05090 -4Y5.41/7 e oy 0 NP O - =495 ,038U
1 -70.,078 ~495.673 i -69.167 -496,792
1 =712,657 =489,303 1 =69.538 =486,428
1 ~66,526 -487.538 1 -64,373 =-487,257
1  =t2,971 =489.688 g1 ~62.463  =491,500
) -62,718 -494,350 1 ~60.,184 =490,701
T *50 st =487 388 =61 t57——3486. 776 — —
1 -61,825 ~485,616 A -62.236 =~485,476
1 <62,7008 <=485.031 —X ~51.401  -484,807
1 «53,996 <=487.490 i -52.968 -489,169
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TABELE A.3 EJFCTA DATA FROM PHOTOGRAPH NO. &1 (CONTINUED)
SI7FE CONTDINATES SIZE CONHDINATES
CLASS NARTEING FASTING CLASS NOUTHING EASTIVG
I =53,957 -489,782 1T -54,616 -489,384
i -25,450 -491.118 1 -53.713 -491,592
d 21,713 =l § D 1 =50.284% ~4yZ.00Y
1 «50,605 =-493,699 1 -53,305 =-493,452
1 =9%,766 =495.676 1 =49.3499 =496,029
1 «48,566 -496,753 1 =47.,897 -496,205
1 -47,479 -495,881 2 -48,311 -494,438
{ ~46,733 -494,244 1 =49,735 -490.813
1 ~-48,616 -489,759 <l -46,659 -485,983
1 ~856,563 -390,379 1 ~44.,592 -491,079
1 -42,579 -489,797 1 ~43,355 ~492,862
1 =40,805 =495,119 1T  ~34.353 -490.769
i -34,222 -487,449 1 -30.038 =487,125
1 ~28,421 -3496.254 1 — -26.838 -393,343
1 -24,903 -495,831 1 -20.,151 -489,662
1 -18,1480 -488.341 1 -15,293 <=491,067
1 ~17,806 =493.306 4 -19,081 =-496,134
1 -13,167 -4%4,579 1 -15.128 -499,915
ol =~11,866 <-501,133 1 -15,408 -507,340
1 =15,150 -507.904 — 1 -21.387 -509,854
1 ~25,512 -510.345 1 -25.17%5 =507,528
1 ~35,292 -508.781 ik -36.733 -504,485
1 -$7,902 =-503,539 1. -39.197 -504.,020
1 -8§2.,974 -507.411 { -=3%.087 <=501.959%
1 -50,282 -502.381 1 -50.997 <-499,753
1 -4 ,381 -500.044 1 = ~55,229 -498.,082
;) -56,(08 =503.181 1 -56.158 -511.983
| 52,557 -511.989 e -51.03%4 -510,361
d ~49,435 -510.674 1 -49,148 -512.931
1 ~43,4572 -=514,143 I =39.919 -514,354
1 ~-3$5,754 -=514.,501 1 -26,573 =515,420
1 -25,268 -514.,524 1 -20.094 -516.,617
1 -18,002 -=519.622 1 -17,363 ~524,208
I =I8,1I3 -533.187 I =17.0611 927,116
nt -17,776 -528.164 1 -19.805 -=529,030
1 -26,251 -=522.728 1 @ -=25.416 -530.685
1 -26,300 <=529.51 1 -28,909 <-527,175
T -31,914 -523.367 1 -33.661 -5Zz2,848
1 -$4,625 <-521.819 1 -37.454 ~-%20,871
i 40,645 -520.418 1 -48.443 -519,411
1 -47,553 =522,787 b -48,288 <-~524,707
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=43,299

TATLE A.3 FEJFCTA DATA FROM PHOTOGRAZH VO. 51 -(CONTINUED)
SIZFE CONRDINATES SIZE CONBDINATES
CLASS NORTHINA FEASTING CLASS NODTHING  EASTLNG
: 1 -49,430 -525,211 = 1 -4§.,B13 -525.901
of -»2,284 -522.,873 1 -53,337 =-517,773
1 -55,868 -522.938 1 -55,873 -526,123
1 -54,188 =-529.,246 1 -55,053 =529.116
1 -96,629 -532.254 i -57.48%3 -533,534
1 -54,767 -532.460 i -53,641 =-533,733
i =50,797 =534.457 i -50.025 -533,428
1 -49,057 =531,734 1 -48,111 -531.296
1 -48,710 -530,137 e - ~42,877 -530,614
1 -38,804 -524,913 1 -35,768 <-527,655
1 =33,7%85 =531.793 1 =33,122 =537,%13
1 -26,064 -538,183 1 -28,943 -538,373
1 «38,660 =536.572 1 R D29 =HI0,200
12 -41,801 -538,056 1 -42.,586 -=5328,265
1 -44,841 -537,732 1 -45,323 -537,434
1 -49,663 -535.302 1 ~51.547 +537,172
i ~54,257 -536.639 1 56.170 -538.403
1 ~57,783 -541,641 1 ~57.788 -546,011
1 -95,634 =554,427 1 -45,200 -552,986
1 -52,600 -548.276  § " =%51.8U0U8 -54%&,818
1 -»2,862 =-543,198 1 -50.432 =539,692
I -48,088 -539,771 i -34.722 -543,250
1 -34,294 -544 044 1 ~33.371 -544,382
—I =32,613 -545.,106 1 =33.981 -548,674
1 -34,157 =549 ,116 1 -29,057 -547,283
1 -27,912 =-543.728 T ~25.,109 -546,056
| -22,308 =546,428 1 -13.172 -546,458
T =21,25T -551.964 1 =19.886 +-551,617
1 -17,836 =552.252 1 -18.356 =-554,364
I =18,373 =556.730 1 -27.974 -559,518
i -27,960 =-554.,588 1 «35,733 =555,099
e =-849,068 -5562.962 1 ~32.623 -5865,344
1 -31,560 <=566.313 1 -26.,504 =565,657
1 -23,692 =-567.916 Bl ! =21.163 -567,817
1 -2G6,062 =581.202 1 -23,530 =560,984
i -21,420 -577.,152 1 T =22.918 =574,513
1 -25,220 -574.,547 1 -25,689 <-574,988
1 -30,4Y9 -575,208 1] -26,130 -578B,118B
1 -26,697 =578.298 . -28,522 =581,393
1 29,205 =5871.3434 T =28, 980 =582.150°
1 -40,319 -581,922 i -582.631



TAPLE A.3 FEJECTA DATA FROX PHOTOGRAPH NO. 81 (CONTINUED)
SI7E CONRDINATES SIZE CONRDINATES
CLASS NORTHING FASTING CLASS NORTHING EASTING
bt 45,583 =584,398 1 49,626 -580,92%
1 «91,191 -576,800 1 «51,303 +~577,431
1 52,644 -579.356 I “55.630 -575,667
1 ~62,682 -575,9%0 1 -64,261 -576,771
1 *%2,201 -57/1.075 G ~63.879 -5b69,187
1 -62,430 =568,250 1 ~66,564 <-563,710
1 =69,6%66 -563.155 1  =70.173 <=571,%572
1 ~78,097 =-570.306 ot ~75.065 =582,430
)l =85,215 =580.232 1  =86.22%5 ~+-578.529
| -88,182 <-567.087 Sl ~92,237 -569,816
1 ~107,098 ~574.123 1 -107.762 <=572,852
— 1 =107,204 =567.913 1T =109.977 —=%81,158" -
q ~108,951 -551.854 1 -102.784 -551,732
1 997473 ——=553.956———1 w96 798561620
1 ~96,128 =556,087 8 -96.078 -=555,454
1 -92,958 -555.417 1 -91.491 -554,175
1 90378 5555003 & =86:582 5535671
1 -68,074 -554,641 1 -63.518 -554,7490
T 64,103 =549.58% Al “62.455 =543,711
1 -60,439 <-542,237 1 -63,605 -536,773
N S5 [ R R o . < - i PR I - ¥ 45 O < R b= i T AT -
1 -72,374 <-536,844 1 -73.738 =536.,605
1 77,897 =535.924 1 — ~70.481  =541,877
1 -/1,784 -541,645 i -73.178 -541,394
1 ~76,947 -540.874 1 ~78.968 =5471,91%5 E
1 ~79,737 =-545,350 1 ~82,199 =545,269
1 =82, 765 =537 885 i =83 437 536,356
)t -87,229 -535,257 1 ~-87.874 -538,674
T 92,107 =536.771 1 =9%4,091 =%537.42%
| -97.404 -536.356 1 93,793 -544,086
! «99;,085 =545,069 1 -98.,418 -542,162
1 ~99,643 =542.546 Y -102.290 ~=542,262
1 ~101,602 <-540.267 1 -104,455 -540,431
. -106,957 -542.394 1 -106.372 =-539,230
1 ~108,027 =533.025 g -111.,416 ~534,178 -
3 ~111,146 -534.,932 1 -114,872 -536.186
1 ~120,485 -530,199 1 -121.141 -531,829
)] ~121,855 -534,823 1 -123,920 -532,503
1 -125,698 -529,334 i1t -128.577 <-529.074
112



113

TAPLE 4.3 EJECTA DATA FEOM PHOTOGRAZH 30. &I (COMTINUED)
SI7% CONRDINATES & = COORCIYATER
CLASS NORTHING FASTINN CLASS SNTIAIYs Hasyl
o ~1¢2,968 -542. 044 1 -124.,532 -5%0,50¢6 @~
1 =120,381 -549.434 1 -121.653 -547,930
T -121,852 -547,231 i -121.3%59 -544,391
1 =119,889 -544.192 1 -117.697 -545,419
1 -115,818 -545.801 1 -114.417 -551,075
1 -111,807 -556,380 i -111,613 -567,033
1 -114,779 -566,697 | -112.930 -569.100
i -122,565 -577.,782 1 -130.261 -574,264
- 1 =132,400 ~575,977 i -144.890 =576,804
i -143,730 -573.811 1 -128.065 -556,235
1 -130,318 -554,141 ak -129.922 -552,362
1 -155,303 -551.568 1 -139.688 -%54,47¢
1 -146,.75 -553.811 1 -149.914 -551,701
i ~157.498 -556,361 4 -160.243 -549,973
b1 -170,321 -552.841 1 -172.500  -542,285
i «173,157 -537.210 i -170.128 -526.,495
1 -181,370 -540.522 1 -206.,352 -532.564
i} ~206,821 -544.451 1 -186.305 ~-550,040
1 =186,207 -551.856 i ={B1.557 =555,335
1 -104,421 -572.114 1 -198.684 =569,277
1 T=210,397 -575.82¢6 1 -215.374 -582,721
1 -206,319 -582,347 S -198.477 -586,884
i -191,186 -583.157 i -1{82.117 -583,009
i -168,206 -582,839 4 -168,2%2 ~-582,825
T =167,897 -5B87.069 i -170.585 -593.,208
il ~167,932 -600.963 i -172,408 -609,114
1 -176,534 -604.159 1 -181.917 =~602.667
it -185,303 -604.618 1 -187.806 -604,822
i -184,38B7 -623.018 i -183.192 -619.221
i -170,188 -614.068 i -160.992 -611.212
1 -199,966 -620.899 1 -147.750 -625.938
i -148,314 =-623.128 1 -151.8Y8 -615,732
T 1 ~1%6,795 -605.720 1 -161.616 =-596,520
1 -194,847 -594.378 1 -159.821 -591,838
1 -155,081 -578.68¢6 i -128.672 -582.086
1 -129,009 -599,287 il -131.082 -605,203
i =123,806 -608,017 1T =12%,938 610,939
1 -181,459 -617.617 R -135.797 =619.994
— {1  =128,065 =-625.517 i -117.797 -820.979
1 ~116,699 -619.193 1 -121.484 -619,079



TABLE A.3 EJECTA DATA WM PHOTOGRADI
ST 75 COORDI NATTS
CLASS NORTHING  FASTING
1 ~120,839 -618.,187
1 -119,654 -612.152
1 ~{14,939 -602.519
1 -106,792 -588,470
o\ -81,593 -587.225
= T L) R
i -69,589 -587.241
1 =9, 80Z =5906.72%
1 -/3,066 =-602.864
— 1 -89,295 "-616.103
Al -94,209 -613.325
— 1 =94.,867 -611.227
1 -103,763% -618,790
b 75,1396 -628.471
i} -72,348 -623,000
1 66,950 -622.710
il =66,292 <~621.973
— 1 -63,571 -623.063
i, -29,412 -607.429
1 48,935 ~602.853
1 ~47,896 -599.714
1 -54,604 -594.509
of -%1,999 -590,558
I -55,531 -584,298
1 =20 .,821 586961
1 ~Zd9.58% =586.157
3 ~27,430 -590,854
— 1  =19,108 " -596.355
], ~$3,814 -594.948
— 1 -19,105 -605.660
1 -26,988 -608,027
I =32.,207 ~-6U05.584
1 -38,517 -612.454
1 29,796 -613.609
i; -21.5206 -614,883
B —=19,7286 -620.631
1 -91,914 -618,772
1 =37,164 =625.147
1 =~42,150 -629.346
= =9 0,516 -627.136
1 -25,822 -630.452

Sl

NO.

g1 (CONTINUED)

11k

I
CLASS NODPTHING EASTING

1 -120.504 " ~615,286

1 -120.126 ~607,149
T =IJGETUeET o 637

1 -102.551 -588,069

1 -81.945 -586,598

il -67.924  -586,358

1 ~72.308 -595,778
A EZSL LS =601, 31
ol ~78.004 -607.679

1 -92.000 -615.397

1 -95.423 -612,368

1 -95.,959 -610,630

1 -114.664 -624,302
177 =76.185 =62%,278 ° T T
1 -72.347 -618,749

1 ~66.167 -622,518

1 -64,960 -622.,281

1 -54.146 -610.,718

1 -60.340 -599,990
1T T ES1, 642 =599.,%502

1 -46.,509 -596,593

1 -51.048 -591,314

1 -53.729 =-587,253

1 -52.856 -585,750

1 -50.467 -584,894

1~ 7 =27,27% T=5B9,570
1 =~22.424 -588,925

1 -27.,048 -596,499

1 -20.150 -603,174

1 -25.730 -606,488

1 ~27.741 -605,613

T T =36,5058%6 606,409
1 -33.544 -613.803

1 -26,704 ~612,826

1 -19.314 -619,588

1 =N 246 =626 112

1 -35.,873 -620,714
=338 =o2b, 221 T
1 -45,675 -630,068

1 -855.035 ~626,032

1 -54,398 -6¢9,541



ROH

TABLE a.3 FRJ¥CTA DATA ¥
SI7F CNNRTINATES
CLASS NOSTHING EASTING
1 =37.661 -633.694
1 -¢4,575 -664.703
1 =42 228 =662.636
1 -53,020 <-678.293
— 1 =62,3U4 -654.229
o -93,403 -643.379
———— 50 08— =639, 407
1 -71,842 -643.460
— 86,407 =661.204
) -83,117 -673.635
— 31— =102,955 =675 .283
i -111,629 -664,040
— 1 =114.570 -654,267
1 -98,181 -632.078
1T FI16.627 =634.678
1 -126.134 -635.913
1 -144,915 -628.673
1 =139,668 -646.936
1 ~1385,692 -654,381
T 1 ~141,424 -662.073
1 -193,958 -665.150
1 =177,737 -666.533
1 -209,650 -670.398
N i1 ~211,41y -637.588
3 =177,341 -652.85%1
1 -166.,821 -632.697
1 -170.120 =-649.378
51 -186,735 -644,190
< -35,455 -484.508
T € ~54,709 -481.683
z -42,4815 <-479,042
¢ -95,398 -481.075
pa -04,422 -478B.603
¢ 60,720 -474,449
¢ -69,046 =-475.781
T2 56,223 -455 961
< -68,215 -454.468
¢  -=77,8B4 -450,315
2 ~97,951 -443.90¢C
> -¥3.575 -458.417
Z -82,449 -455 222

PHOTOG s 90

. 81y (COMTINUED)

SEEl CORRACINATES
CLAZS NMOETHING EBASTINVG
il -25.364 -660.962
1 -41.070 -659.407
L 47679 674,992
1 -60.,401 -662,277
1 =B 09 =881 . 710
1 -45,899 -642,994
1 62799 =635.355
i -B1.884 -652,433
L =78, 018 —~667,551
1 -102.481 -676.213
1 -104.,095 -666,323
1 -117,409 <-668,193
i -115.834 -649,135
1 =101 .215% =632,927
1 o 0 oL i - R
1 -135.350 -631.288
1 -154.,566 -644,430
. -140,915 -651,516
1 =131..892 =645 .2001
1 -146.197 -673,942
d: =167 ;18 =en7, 093
| ~197.730  -669.067
1 -212.376 -654,918
1 -203.924 -630.761
1 -169.120 =629.672
1 -168.143 -636.421
1 =i8i0 s 102 =6l 192
2 -1B.BB4 -485,083
2 -43.880 -483,940
2 -45.774 -479,950
2 -43.181 -465,289
2 -59,317 -484,473
2 “S8.580 ~=a477,611
2 $-62.992  -474,039
2 -63,961 -467,880
2 -67.071 -455.380
2 -76,969 -460,625
2 =81,845 =445,298
2 =94.168 453,517
2 -82.972 <-456,343
2 -72.981 ~493.100
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TAFLE A.3 FEJFCTA DATA Fn0M PHOTOGRASH 30. 81 (CONTINUED)
S171 CONRDINATES SI%E CONBDINATES
CLASS NORTHING  FASTINA CLASS NOTTHING RASTINA
T ¢ -B3.744 -480.883 2 -89.589  -467,473
p -107,943 -460.107 2 -106.827 -464,775
—  z  =109,014 -366.057 2 -126.497  -467,516
2 -128,036 -457.136 2 -107.778 =-452,355
y: =113,997 -445.98% 2 =137.727 -455,278
¢ -1/0,135 -473.611 2 -160.065 =495,732
- 2 «160,776 -496.464 2 -168,985 -500.,577
¢ -1/4,257 -515,429 2 -101.562 -524,638
¢ ~123,114 -495,784 2 -118,B16 -528,083
Z -109,462 -508,121 2 -90,715 -%28,277
; -60,500 -527.567 "2 T -61.886 -%27,301
p -/6,763 -524,117 2 ~77.614 -515,620
"2 -90,424 -509.517 2 -97.468 -501,115
l -81,668 -503,343 2 -78.522 -512,7381
T2 -74,797 -510.001 2 -71.815 -512,538
Z -63,541 -513.549 2 -61.129 -511,944
Z -67,356 -505.167 =~ T2 T -67.642 503,341 .
y ~65.963 -503.951 2 -69.677 =498,698
] /3,726 -497.582 2 -75.474 -496,715
¢ -84 ,543 -494 132 2 -93.,013 -496,560
T2 =93,459 -483.208 2 -92.421 -485,372
2 -06,839 -487,190 2 -87.673 -482,988
c -59.589 -487.319 T2 77 =%%.514 -489,307
¢ -61,456 -488.972 2 -58.878 -487,637
T e =57,97%F -485,007 2 -40.476 -492,888
Z #8587 , 734 =495 220 2 -13.456 -497,645
-z -10,747 -500.255 2 -37.962 -501,266
i -39,754 -504,241 2 ~48,653 -503,547
z =55,032 -507.738 7 27 49,961 -507,156
¢ -54,413 =-515.236 2 -17.186 -518,134
pJ -22.534 -524.856 2 -53.663 -528,754
% 29,870 -535.500 2 -25,072 -538,738
l -46,792 =-541,224 2 -17.941 -566,428
Z -13,948 -580.936 2 —~ =20.1%82 -580,037 .
¢ -19,¢49 -579.312 2 -27.233 =-576,838
T2 =27.,2%7 -583.240 2 -51.944 =-576,178
- -92,357 -578.532 2 -99.454 -555,735
2  =68,1352 -550,060 2 -61.955 -541.971
¢ -/9,541 -535.386 2 -77.640 =539,939
Z =937 309 =535,242 T T2 T SY5 465 - 545, 49%
V3 -95,446 -543.857 2 -150.082 -538,712
116




TAPLE A.3 EJECTA DATA FEOM BioToGaARPY wo. 31 (CGHCLIMED)
SI7ZF COORDINATES B _COORTINATES
CLASS NORTHING FEASTINC SLASS NOTTHING LAsrrw
- Z -135,669 -538.,255 2 =131,607 541,585
¢ ~121.,852 =-549.765 2 -152.471 -563.407
T € -~1Y%9,010 -541,653 2 =181.3%3 =3/V,81%
¢ -1/8,817 -576.,649 2 -174.504 -=591.,187
< -126,038 -607.4433 2 -127.633 -614.,705
2 -137,584 -624.361 2 -119.615 -608,089
T -90,959 -589,256 2 -87,492 -586,326
Vi -80,23(0 =~586,665 2 -65,708 +=598,300
3 =64,151 -612,285 2 -85,787 =609,841
é -89,439 -621.878 2 -99,889 =591.813
: =37,395 <-621.233 2 T =74.884  =538.626
Z -49,532 -~658.588 2 -57.540 -666,736
3 -59,442 -656.824 2 -67.435 =-651,878
Z -60,119 -644.002 2 -46.053 -636,117
é -54,632 -637.108 2 -66.,526 -633,500
¢ -/0,3%4 -653.800 2 -109.765 <-675,243
Z  ~116,962 =-665.505 2 =972.759 =6456,120
¢ ~158,116 -632.869 2 -120.116 -671.146
T € -128,313 -674.632 2 -212.724 ~-671,382
¢ 168,694 -648.670 2 -182.8356 -656,114
£ -188,81%8 -645.,154 3 ~60.019 -473,072
2 -64,639 -455,505 3 -75.236 -449,922
2 =58, 715  =466.653 3 =117.2%6 <=466,320
3 »131. 941 451,571 3 -180.186 -456,415
¥ =142,593 -480,118 "3 -107.263 =490,393
3 -106,1084 =-489.836 3 -63,333 =502,125
T3 -68,659 -487.422 3 -45.687 =48%,689
2 -8,313 -501.495 3 -45,242 -~508.643
— I =IT TI8 =529 970 3 =3%,101 =538,575
K ~41,316 =-542.712 3 -33.049 -548,610
= < =9l .20l =505 . 2358 3 » 37,909 504,262
d -/6.572 ~578.710 3 -81.273 =559,.180
— 3 =85,891 =535.459 3 ~77.688 =544,980
K -/8,789 -545,927 3 ~134,.629 -600,896
K =08,095 =5897596 3 =82.679 592,830
3 =115,349 -626.847 3 -68.502 -615,309
—3 =25,312 614,469 3 =31.093 =617,995
S -$0.,557 -636.006 3 -26,718 -668,755
4 ~=90,029 -479,985 4 =10%,799 =503.135
4 -71,341 -522,361 4 ~75.722 -485,106
L) =L 00 =o3UYYS 4 =30,098 =525.368
- -06,724 -461.330 5 -96,869 -506,271
T




TABLE A,4

TOTAL NUMBER OF PARTICLES COUNTED -

EJECTA DATA FROM PHOTOGRAPH NO,

190,

97.

COORDINATES ARE IN FEET RELATIVE TO GZ, NEGATIVE
COORDINATES ARE SQUTH AND/OR WEST OF Gz,

SIZE

__ COORDINATES S1ZE COQRDINATES
CLASS 'NORTHING EASTING CLASS NORTHING EASTING

1 =210.,786 =-905.211 1 =199,543 +890,.261
1 ~189,287 ~898,750 1 -193,868 -883,431

1 . =198,267 -876,484 1 -211.386 -883,241

1 ~217,990 =-880.037 1 ~219.803 =879,782

it 217,446 -848,947 i -203.427 ~848,445
1 «193,497 ~856,511 1 -196,808 ~869,727

1 ~186,779 -875.625 1 -174,476 =~875,674

1 ~173,077 ~876.025 1 -167.540 ~873,869

1. _=~-168,287 ~853,766 1 -164,946 -851,820

i «161,215 =~858,657 1 -158.372 =~858,186

1 -129,309 -867,550 1  -160.222 ~-868,432
1 -140,834 -868,454 1 -139.309 =~874,341

1 ~140,706 - -882,419 1 ~142,052 -894,827
1 «146,309 ~894,860 1 -148,477 ~889,505

1 =153,483 -878,139 i -162,371 ~884,108

1 »167,159 -885.065 1 ~165,336 =~891,113

1 ~164,526 =-891.296 1 -160.272 -888,860
1 -156,810 -888.862 1 -167.,257 =911,311

1 162,648 =-908,661 1 -160.448 ~905,961

1 -152,938 =908,226 1 -148,678 =-904,536

1 =131,597 -912,552 1 -123,924 -861,936

1 «109,497 ~8%56,268 1 ~102,072 <-864,859

1 =102,046 =~876,915 1 ~-104.321 <-901,486
1 -72.058 -911.026 i -79.360 =~902,847

1 -65,114 -885,974 1. =-69,803 -873,424

1 ~36,631 =~871,996 1 =-25,479 ~882,118

1 -7l519 -834'999 1 -160693 -824|609

1 ~49,512 -835.544 il ~55,185 ~831,261

1 ~20,990 =~845,727 1 =44,581 <-852,164
1 -42,167 -858,188 1 ~73,844 =~850,960

1 -92,825 -849.859 1 -122.749 =~843,951

1 «117,448 <~835.675 1 -100.865 ~829,187

1 ~83,433 ~821,101 1 ~-98,524 =~814,031

1 *110,498 -806.189 1 ~118.747 =815,724

1 -118,287 -822,949 1 ~142.788 -816,819
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TABLE A.4 FEJECTA DATA FRO¥ PHOTOARAPH 0. 97 (CONTINULD)
Srls 73 COORDINATFS ST#n COORTFIRATES
CiLASS NORTHING EASTING CLLASS NOBXRTHING B SURE

1 *161,425 =802.698 1 ~174,950 =815,711
1 ~154,024 -824,461 i -157,194 -827,080
1 ~146,839 ~838,740 1 152,969 ~848,020
1 _~168,753 -841,845 1 =176.236 =845,052
1 -176,807 -841.053 1 ~477.497 -838,178
1 217,602 =802.852 s § ~195.744 <=754,782
1 ~178,469 ~783,301. 1 175,394 =795,542
1 «1/2,128 =800.091 ] -159,261 =792,021
1 =151,834 -791.031 3 -450,121 ~-781,584
1 «172,744 «775,447 1 -170.,452 <=776,342
1 -«165,298 <~767,870 1 ~154.,239 <~765,051
1 -143,644 =752,738 1 -437.849 <=756,951
1 ~136,837 -761.166 1 -139.366 =762,754
1 ~1¢7,261 =765,083 5l -142,019 <+«769,424
1 «135,877 =-=772.610 1 -140.133 -778,677
1 -141,051 =~=779.086 i ~126.193 +~786,947
1 136,591 -788.122 1 -~141.583 =-793,624
1 ~129.119 =-797,972 i ~422.510 ~-794,426
1 «109,364 <-795,509 ol -89,130 =779,742
1 -76,158 -778,59¢ 1 «63,883 +«772,030
1 _ =590,682 =-762.100 1 50,599 <-764,922
1 ~57,426 =776.675 1 «51.669 ~-804,488
1 -40,787 =-806.574 1 -22,224 =-794,869
1 -3,445 <-791,599 1 “19.397 +=764,939
1 19,379 -752,485 1 -.990 =~721.229
1 ~36,943 -711,215 1 -52,240 =-718,299
1 -58,9387 =725.602 1 ~58,764 ~727,854
17 T 43,576 -742.838 1 ~50.475 <-742,043
1 -52,976 =743.243 1 50,203 =~751,794
1 -86,876 -736,838 1 -87.,704 =-739,311
1 ~89,537 -739.804 1 -88.859 <+-746,448
1 ~106,422 =745.922 1 ~108.454 ~748,599
1 «113,389 =752.108 1 -119.,663 =753,421
"1 T .113,865 -741,323 1 95,607 -731,294
1 -99.522 =722.004 5 ~93,525 =723,290
1 86,541 =711.800 A -85,601 =709,625
1 ~109,528 =707.849 3 -4119.543 -723,936
1 «131,588 -740.677 1 -131.721 =746,596
1 ~146,410 ~-747.408 1 -147.,174 =~747,518
1 =1%6,480 -743.301 2 -168,343 =-745,036
1 «160,712 <-723,653 1 -150.243 -723,151
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TABLE A.4  EJECTA DATA FR04 PHOTORRAPH NO. .97  (CONGLUDED)
SIZFE COORNDINATES SI%E CADRKIUATES
CLASS NORTHING FASTIVAR CLASS NORTHING ®ASTI A

1 -141,142 -711.349 1 -149.938 =-705,879
! ~183,730 =-726.587 1 -134,500 -689,560
1 -131,702 -689,707 1 -{31.797 -701,584
1 ~131,813 =-703.753 1 -127.828 -703,177
i | -87,090 =-701.156 1 ~81.662 -689,876
i -82,245 ~686,334 1 «59,069 <-687,374
1 «60,527 -690.978 1 -58,290 ~696,615
1 “51,995 =701.744 1 ~49,083 <-709.,056
1 -43,765 =-709.656 ik -34.916 <+-699,79%98
1 »31,182 -695.471 2 -225.772 +874,766
T 27 77-1%34,003 -895.299 ? -161.251 -BB3.364
2 -59,647 =832.990 2 -167,.289 <-B45,783
¢ »180,731 =-786,042 2 158,758 ~=773,967
2 =157,327 -769.782 2 =99.698 -782.330
2 -65,836 =724.350 2 ~49,903 <-728,109
2 -90,438 ~712.533 2 ~162.431 =730,004
e T =128,%986 -710.573 2 -136.071 -68B6,318
Z -21,511 =701.831 3 ~172.229 <-893,469
3 «74,299 =888.47Q 3 -34,677 =872,944
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TABLE A,5 EJECTA DATA FROM PHOTQGRAPHM NO, 116

TOTAL NUMBER OF PARTICLES COUNTED - 455,

COORDINATES ARE IN FEET RELATIVE TO GZ. NEGATIVE

COORDINATES ARE SOUTH AND/OR WEST OF Gz,

SI1ZE COORDINATES SIZE COORDINATES

CLASS NORTHING EASTING CLASS NORTHING EASTING
1 194,544 -451,527 1 203,822 =-440,063
1 210,382 =-440.436 " 226,254 -448,494
1 237,654 -457.513 1 223,722 <=467,498
i 232,276 =-476.936 1 243,401 -=482,376
1 246,569 =-464,445 1: 269.642 -490,105
g 260,736 -484,250 1. 307,220 ~498,427
i 308,217 =519.996 1 332,041 =560,513
1 349,651 =567.011 1 345,070 =549,657
1 349,355 ~553.175 1 J56.471 =-551,894
1 487,722 =543.992 1 416,879 <+549,288
i 409,669 =554,555 1 390.775 =547,095
1 403,260 =-537.711 1 412,666 -535,888
| 413,263 -535,512 1 414,773 =530,524
1 419,177 =534.863 1 408,086 +=520,397
i 398,246 -517.301 1 394,010 ~503,179
1 382,424 -505.878 1 401,266 -475,232
1 401,480 =-477.158 1 407.830 =481,879
i 370,558 -504.176 i 363.542 =497,457
1 379,425 =520.480 1 368,820 =527,792
ol 344,098 ~-496.852 1 350,597 -499,497
1 357,357 -481.825 1 I33.567 -490,338
1 353,124 =458,(52 1 304,223 ~462,747
1 264,846 =-444.905 1 275.791 ~-438,984
1 2/5,251 -434.369 1 258,215 ~442,016
1 252,155 -423.,415 1 252.125 =422,792
1 259,819 =~412.279 1 265,404 =409,360
1 256,307 T-408.296 1 256.879 <-407,28%5
1 293,924 -405.072 1 252.628 <-405,341
i 252,914 -404,337 1 254,481 -403,632
! 261.497 =-400.100 1 251.247 -=400.658
1 247,912 -399.288 1 247,645 -398,306
1 241,139 -397,190 1 236,118 -392,601
1 252,716 =394.369 T 1 272.391 -398,784
1 273,618 -388,060 1 275,418 -384,813
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TABLE 8.5 EJECTA DATA FROY PHOTOGRASH NO. 116+ (COHTINUTD)
SITFE COORDINATES S17F COOERIVATES
CLASS NORTHING FASTINN CLASS NORTHING  EASTIIC
1 270,735 =382,944 1 265.052 ~377.971
1 260,729 ~379.057 1 255,803 -380.016
1 268,207 =372,183 1 267,070 ~-353,287
1 207,763 =353.416 1§ 278.862 ~363,758
i 282,775 =359,245 1 278,433 -354,648
1 262,433 <+-351.994 1 291.665 ~356,461
9 293,042 -358,307 i 299,936 -373,941
1 311.108 =373.011 1 293.124 ~=395,375
1 288,840 -410,239 1 311.454 -390,522
1 312,322 <=422.,815 1 372,883 =484,859
1 3/3,541 -484,755 1 376,773 _~479,347
1 382,180 =-479,837 1 384.475 <-482,589
1 366,895 -480,469 1 388,344 -485,067
1 392,007 =-487,942 1 387.475 =494,623
1 391,280 =-496.919 7 394.417 +491,138 :
1 398,364 =495,009 1 397.970 <~497,617
1 396,855 -499,113 1 394,195 -501,190
1 400,074 -504.429 1 404,201 <-497,890
i 392,331 =-480,654 1 394,192 -479,498
3 392,317 =471.452 1 399,115 <=472,364
g 403,619 =473,409 o] 414,410 <~-476,316
1 414,028 <-482.764 1 415,177 =-487,099
1 42b:777 =487 .7224 & .. 424 374 ~-488.015
ol 416,703 <-492,500 1 416,780 -494,594
1 417,750 =-495.,879 1 409.909 495,345
1 409,075 =-494.627 1 402,416 <=503,968
1 403,340 =-504,030 al 407.421 -510.313
1 421,927 -505.159 1 423,935 =~=506,579
1 423,322 -507.,654 1 421,366 ~511,310
1 420,999 -512.066 1 425,654 ~=515,952
1 425,470 -520.510 1 423,492 ~-522,074
1 432,923 -530.615 1 441,050 <-530,048
1 441,216 =-486,693 1 441,084 +-480,484
1 445,093 -488.,614 1 449,571 =491,630
1 451,709 -492.591 1 453,621 -488,177
1 457,520 =-491.567 1 457,945 =492,301
1 460,687 -495,405 1 462,687 =495,492
1 499,311 =~499.029 1 457,197 -498,587
1 494,076 <-497,312 1 451,889 +«497,194
1 447,560 =-502.124 1 449,637 ~-505,845
1 451,798 ~-505,46% 1 452,116 -501,936
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TAPLE A«S5 FJVCTA DATA FROY PHOTOGTAS NOe 116 (CO“"‘I?TIW)

STZE CHODRDINATIES ST 720 G B0 BN

CLASS NOSTYING ST ING Cll=i8 TTHING ST
3 452,847 -502,445 1 452,792 =-503.178
1 454,509 -503,215 1 457,643 ~504,893
1 460,137 =506.056 1 454,931 ~507,923
1 457,017 =512,250 4 441,142 =-535,975
1 445,701 =-530,.319 1 446,943 =-531,662
1 447 B35 =-531.336 1 447,110 =-533,147
1 461,115 =-512.164 1 461.988 =-509.097
1 469,236 -514,736 1 486,539 =~483,253
1 487,434 -478.064 1 490,946 <=472,490
1 494,319 =-471.912 1 496.980 =~466,485
1 500,216 =~465.549 1 496,708 =-463,308
1 496,087 =-457,943 1 493,12 =-=457,901
1 490,996 -456,931 1 490.508 <+-464,855
1 487,773 =-468.842 1 487,984 -470,462
p 488,298 =~471.205 1 486,329 <-476,935
1 485,288 -470.548 1 481,854 <-467,516
) 480,037 =-464,885 1 480.578 <-463,396
1 485,779 =-457,903 1 482.958 =456,404
1 477,573 -=452,646 1 473.499 -441.542
1 462,206 =430.039 1 457 .817 =442,497
1 466,119 =-449.,976 1 471.413 =~453,148
| 472,823 -459,238 1 468,179 -457,378
d 464,993 -462,531 1 477,369 =-473,021
1 478,597 -478,781 1 474,108 =-475,656
q 469,352 -476,453 3 463,782 =~-474,126
1 461,997 =-474,904 1 466,973 =-483,195
1 466,374 -492,749 1 464,312 -491,800
1 460,399 -489,520 1 460,493 -483,485
1 455,264 <-477,792 1 453,943 -476,990
1 449,187 -477.203 1 442,328 =-476,647
1 439,370 =-469,201 1 445,971 ~470,334
1 449,183 -472,598 1 444 ,831 ~-457,146
1 447,331 =-455,084 1 450,634 -457,962
i 49,181 -456,934 1 460,885 <~457,131
1 457,625 =-450,441 1 454,016 =452,193
1 453,588 -451,591 1 452,865 =~451,740
1 450,971 =-450,234 1 449,064 =~449,291
1 439,202 =456,756 1 437,648 -457,494
1 451,263 -453,192 1 440,544 =-441,120
1 487,913 <-438,732 1 450,171 =-436,123
1 447,342 =d24.524¢ 1 452 .591 ~422,140
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TABL N

STER
CL.ASS

- - an

el el e e e e e e S e R e e e L T i o e S e e g T S N R T

8e5

CONRTINATES

NOETHIING FASTING
435,303 =-408,072
431,733 =-412,272
429,927 =-420.990
454,262 <-429.458
417,663 =-427.525
412,518 <-436,777

412,795 -440.396
385,882 <-409.033
355,070 <~347.573
334,434 -384,278
329,176 =-368,807
326,022 -360.168
321,722 -358.915
319,764 -356,343
305,200 ~-358.824
326,114 -341,176
317,513 ~339,531
289,204 -339,893
301,338 ~322.176
312,631 =-319.451
320,505 =314.624
337,511 -294.812
355,218 -300.476
346,256 =329.980
354,032 -342,100
396,337 <=342,975
392,230 ~314,586
398,708 =-335,135
395,883 -370.414
414,858 =-340,044
413,743 -372.052
422,840 =-381,723
431,281 =395,446
431,800 =399.166
445,283 -414.881
455,697 <-413.230
422,391 -400.443
492,726 =390.923
462,024 =399,765
476,248 <=392.622
469,270 -400.870

EJIECTA DATA FROM

PHOTOGRDATE 0. 116  (CONTINURD)
S177 CANLBIVATE
CLASS NOWIHING FRaASTINA
1. 433,458 -412,694
1 423,464 =-407,891
1 436,139 =422,471
1 425,399 =-~426,791
1 413.559 =~427,648
1 416,191 -440,538
bl 376.858 -408,369
1 386.440 -389,079
1 345,437 ~356,589
1 333.654 -383,805
1 323.25%4  -360.209
1 319.751 =-355,633
i 312.989 -361,099
1 319,917 -345,178
1 317,308 =-341,013
1 313.744 -340,602
1 283,516 -337,596
s 309.324 -317,152
1 313.591 <-318,006
il 330.216 =313.035
1 345,599 <-276,188
1 342,724 -=329,452
1 355,086 =340,575
717 355,404 -343,42%5
1 359,665 <=345,049
1 404,398 -321,079
1 382.926 -~364,.511
e 414,979 =~-340,667
1 420,474 -~335,830
1 431,712 -359,737
1 428,487 =-388,983
1 429,538 ~397.882
1 436,759 =-408,383
i, 454,449 <-421,198
1 450,146 ~401,412
1 454,229 ~401,116
1 461.463 <-=396,724
1 463.711 ~399,192
A 487.998 <-391,064
1 473.351 -401,618
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TARLE

LS X T N O B N o K S N N N S L T O N S e S O o U W i S S Sl i i g

DNeer St HIET

4/4,141
4/6,727

467,792

464,979
4/0,091
473,343
47 72011

468,811

493,344
486,478
478,791
478,449
468,267
4/6,086
461,836
469,283
492,906
508,528
502,553
g, 777

544,052

561,325
567,939
560,586
542,745
532,003
514,170
505,764
5¢1.45¢
524,736
554,085
512,790

493,869

469,664
486,964
471,970
442,899

437,864 -

T407,514
378,549

393,111
2¢7,972

125

v DATA FUHON PUOTORSEADH NOs. 116 (FOT‘-"‘IT‘U‘?“)
JATIS Sl COQERBTATY
FASTING (L AEZ RN ) S L Al(E
-401.937 1 475,886 =403,721
_~405,068 1 464,565 413,024
-417,082 1 468,723 =417,119
-420.081 1. 463,433 425,439
-424,412 1 469,944 =~423,026
-421,374 1 476,001 =419,445
-410.175 i 484,972 =-408,407
-406 ,632 1 487,696 =-411,051
-417.173 1 491.093 =~418.641
-415.,603 1 482,934 <-413,798
-424,452 i 482,172 =426,897
-429,328 g 476,149 <-429,055
-431.673 1 471,763 =434,098
-433,844 1 478,927 =440,153
-437.374 b 484,367 ~443,255
-450,711 o 490.671 =428.845
~433,211 i 524,233 =428.,018
-439.923 1 503.324 -455,585
-456,809 1 507.838 =-451,228
-446.436 1 = 543,819 -432,484
-429.132 1 544,807 <408,032
-406,807 1 561,563 -405,990
-389,748 1 562,638 -383,471
-392.252 il 553,333 =394,271
~395.748 1 535.091 =408,597
-395.684 1 525.885 ~-391.787
-388.,477 1 498,907 -389,736
-383.980 1 518,187 <-369,881
-367.691 1 519.258 ~372,298
-383.590 1 527.466 -382,871
-374,573 1 525,686 =358,069
-360.119 N 495,129 =362,012
-352.847 1 500.784 =336,527
-337.976 1 487,307 -333,198
-332.465 g 479,225 =327,747
-337,333 1 469,347 ~354,909
-342,950 1 431,982 -318,948
-285,073 4 429,790 =~282,676
-304.267 1 381,240 -29%92,813
~267.708 1 391,005 =265,370
-255.664 1 366,837 =268,242
~484,109 2 246.353 =473,100



TABLE

SIZFE
Ci.ASS

cD € G DY R AT AR AT AT AT A AT AT AT AY A AT AT AY A AYATAYTAT A A AR

A+ S

COMRDLIATES

MOBTHING

424,639
375,951

UL 38

371,894
IB3,B849
395,716
AT G
405,863
414,149
446,518
404,456
45,104
488,451

474,965

451,716
392,166
382,954
361,163
492,790
543,294
506,724
516,977
522,684
464,835
Rl )
391,990
2¢9.,274
419,789

SHARR NS

- e e

-528.460
#529.,522

EJSCTA DATA FRGH

PHOTAGRAPL 0. 1164 (CONCLUDED)

SIEZE

-474,144

-483.422
-4B0,096
-492.,299%
~475.560

-478,510

~498,95%
=481 ;150
=505 .282
507 . £51
-465,592

-477.220

-477,053
-436,340
-380.089
~-289,617
-413,393
-416.287
~396,882
~386.65(
-375.167
=3 %1608
-279.428

-265.,492

-454 741
-431.109

e RN S ":1
i e 2

126

CODENYT NS
CLASS NORTHING i

374.699
367,614

383.493
391.506
390,990

394,685

415,617
420.110
458,252
458,899
485.477
472,745
459,478
446,127
334,883
320.629
361,133

562.962
528.575
540 ..187
507.367
445,076

376,046

37 4.4.318
269,009
357,887

243.547

505.020

505,466
-531,345

-398,406

-477,363
_489_“0 502
~485,002
~473,798

~512.294
'4931334
-508,574
-484,515

443,010
-485,582

~465,989
382,013
=3195:,-975
=309, 535

-451.,184

-404,908
-390.816
-366,604
-269,953
-274,623
-258.393
-360,843
-350,661

494,608



TABLE A,6

TOTAL NUMBER OF PART]JCLES CQUNTED -_
COORDINATES ARE IN FEET RELATIVE TO GZ.

EJECTA DATA FROM PHOTOGRAPH NO.

COORDINATES ARE SOUTH AND/OR WEST OF GZ,

SI1ZE

CLASS NORTHING

- om g =

P N N N R g O N N T N T

COORDINATES
EASTING

680,182 -765.005
663,334 -746,094
661,030 =-730.980
691,885 -728.820
655,857 =713.846
642,545 =702.377
608,799 -712,180
626,718 -681.698
590,248 _-683,406
5/8,481 ~667.406
566,613 =-669.,767
569,647 =-664,468
593,970 ~643,532
573,618 -647,063
554,796 =650.106
549,122 =650.155
539,020 =~656.867
533,386 -644,397
546,645 -619.684
492,500 =-661.722
511,239 ~-640,646
587,043 -673.027
556,364 =-682,748
542.612 -688,734
524,669 =~691,002
526,549 -705.199
587,873 -707.418
542,191 =719.577
570,165 =-702.001
582,173 -721.608
5/4,758 <-729.077
602,165 +«724.435
596,166 =-750,653
600,958 =~-759,059
614,620 -763.108

117,

7 T

NEGATIVE

__SIZE _ _COQRDINATES

1
31

]
1

! i
HHHHHH‘HHPHHH!&-‘HHHHH'HHHHHHPHHHHH

——y

- s e o=

676.507 =749,321
658.343 <~734,774
pismal e BB NTRT TR
651.909 =717,050
656,708 +709,982
629,899 ~700,472
608.536 ~-687,513
625,979 <~664,267
587,421 =~665,287
"577.965 <-666,390
569,088 =-665,576
584,625 =651.479
584,837 =-645,461
552,052 =-654,749
_549.811 -650.479
551,099 <~647,635
534,889 -644,049
537.349 <-627,404
486,689 -614,047
508.578 <~667,622
.536.012 <-663,123_
527.621 676,906
541,301 <~688,444
540,677 =-694,774
515,593 ~697,621
532.046 <~712,695
544,902 -707,25%4
563.1/4 <-703,281
581.473 <+717,623
574,286 =726,352
578,106 -~746,792
597.428 <+734,550
594.245 -759.836
606.580 =-753,101
610.881 <+766,437

2N
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619,564
636,907
648,308
621,123
674,313
661,569
644,906
632,158
699,192
661,926

649,197

637,432
644,740
633,176
620,442
652,812

6¢1,427

606,658
598,998
617,063
618,576
628,449
623,171
613,149
610,610
610,469
601,168
. 615,185
617,332
608,643
602,823
593,986
567,550
586,409
587,742
585,818
596,012
564,548
578,793
578,148

TauT IS

TASTINY

-774.745
-765.999
-762.896
-762.076

-763.236
~774.323
-776.273
~791.469
-807,213
-812.220

-812.099

~809.168
~818.499
=822 .618
-829,482
-845.389

-843,042

-830.051
-827.28¢6
-821.369
-818,268

B2, 16

~-812.417
-809.181
~812.091
-809.865
-807.027

'?99:..682.*ﬂ

~790.304
-795,092
-796.870
-795,307
-779.943
=763.512
-800.919
-805.472
-827.081
-816,843
-807.184
-798.492

i
l
!

ITOGEARS w0. 117 (CONTINUTD)
SI7! COC:UIVATES
CLAST JBETHINC BaETISD
1 629,369 =769,240
1 638,781 ~760,237
1 650.584 ~761,667
1 673.997 -763,690
1 678,983 -777,490
1 664.553 ~-780,696
1 643,951 ~-786,534
1 661.196 =803,191
1 658,931 <809,489
A 656.961 «B13,281
1 640,556 ~805,717
1 648,146 -817,525
1 644,730 =~819,331
1 626.391 =-825,078
1 630,345 -842,272
1 630.666 -848,227
1 606.091 ~834,957
1 606.019 ~-829,315
1 616.477 -820.795
1 618.767 ~-B19,694
1 624,328 ~-818.198
1 626.845 =-810,532
1 613.561 -808,595
1 613.479 -810,987
1 610.404 ~-814,707
i 606.509 -810,332
ak 609,776 ~-B04,016
A 614,794 =797 ,8%54
1 607.730 =790,384
i 605.510 =~-797,111
1 599.351 =-790.072
1. 591.018 ~-779,875
1 586.580 =-775,861
g 578,670 =780,372
1 586,593 -802,085
1 598.208 ~819,849
i 590.280 ~821,504
1 582.268 -816,847
1 577,667 ~801.047
1 576,262 ~795,397
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TATLE A.6 EJECTA DATA FON4 DPHOTOGRAPH NO. 117 (CONTINUTD)

1 575,326 -795.532 bt 57;-351 '7;9,116
1 571,631 -798,575 1 572,424 =-=803,203
1 566,625 <-805,272 1 565.075 =803,162
51, 562,732 <795,194 1 566,569 ~794 672
1 563,433 -791,861 0 569.139 =-786,081
1 561.881 <-784,085 1 564.283 =-782,355
S | 563,291 <=777.338 1 571,760 ~-779,529
1 504,082 =-762.159 1 $75.193 <~761.093
1 573,687 <-759.518 1 570.418 <-=751.,567
1 553,363 -735.052 4 546.097 =734.775
9 546,651 =750.241 1 541.179 =746,677
1 540,939 -753.410 F 548.298 =765,751
1 584,575 -766.894 o8 550.018 ~774,817
1 591,242 <=784.704 1 544,833 ~781,023
1 544,972 -~776.302 58 542,073 =776,943
1  540.341 ~-780.125 1 535.176 =779.858
1 ~ 538,168 <-777.830 1 538.300 =~776,800
1 533,776 =769.021 1 532.682 =766,125
1 534,874 <=763.275 1 527.654 =757,087
1 59,956 -770.242 1 525,454 -767,290
1 520,291 -768.466 1 520,568 <=766,716
1 519,844 -759,303 1 917.394 =761,103
1 515,916 ~-758,845 ! 513.591 =760.357
1. 513,086 -761.810 1 512,377 =762,073
1 511,104 <-753.787 1 508,812 <+748,745
1 500,616 ~748,873 1 491,685 ~-748,636
1 493,010 -742.521 1 480.967 <-739,875
1 483,041 -734,396 1 488,480 <-732.,411
1 491,241 =-731.188 1 493,886 =728,847
1 506,893 =729.,514 ol 507,854 =-729,713
1 509,424 ~-726.178 g 511.826 <+723,936
| 512,070 =722,919 1 511,773 ~731.014
5E 510,880 =735.814 1 507.806 =741,323
1 524,513 <=734,580 1 520,237 ~733,597
1. ... Jee. 6488 <727 653 1 523,242 «726,201
" 587,774 =726.941 1 525.792 =712.,932
1 509,581 ~709,508 1 507,998 =-711,061
1 501,854 <-710.430 1 500,411 <~708,880
1 496,117 -710,014 b 488,160 =710,030
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TAVLE 8.6 FEJECTA DATA FRO
SLZ B COQRIBINATES SIZE COCITINATES
CLASS NJ3RTHIMG EASTING CisASS NORTHING EASTING
g 484,702 =~703.879 489,032 <696,970
.1 480,751 -692,116 477,769 ~692,571
1 468,032 =-690.884 473.226 <=695,482
1 472,429 -714,667 1 478,114 . -713,540
1 486,056 -719.367 1 485,902 =727,484
1 472,528 »727.737 _ 1 471,355 =727,679
1 454,312 <-690.493 1 444,210 =674,290
1 456,928 «670,041 1 444,666 -661,149
1 426,711 =691.950 1 433,133 =699,250
1 436,346 -703.938 . 433,794 =-705,094
1 433,269 <=704.972 1 431,545 =-711,352
1 395,353 -689.,639 2 391.323 =-697,608
1 381,660 =-709,338 1 381.202 <=712,695
il 400,456 =712.,512 1 421.952 =736,099
1 418,958 <-743,663 g 414 ,508 ~-745,848
1 428,023 -746,796 1 429,254 ~=742,977
1 436,812 -730,333 1 448,125 <«723,604
1 455,213 <-724,169 1 456,291  ~725,620
1 451,453 -739,336 1 461,955 =742,669
1 . 469,323 -744,533 1 474,145 ~=742,914
1 440,999 <765.334 1 460.317 ~780,362
1 46201.61 "771-9.5.2 1 _4621.372 _’76.41.791
1 476,217 =-754,384 1 470.537 <«=752,928
1 470,681 -748,869 o 479,751 ~749,858
1 481,851 =747,344 1 486,800 ~746,447
1 494,695 -756,032 1 493,282 =757,052
1 507,293 -761.375 1 501.799 <~-769,174
i 499,874 <-777,785 1 488,881 -780,320 _
1 487,362 =-784,385 1 494,187 =-807,445
1 501,107 ~812.109 1 498,437 ~-801,657
1 502,195 =-799.917 1 514,019 -800,973
1 511,912 -785,910 1 509.825 =-784,715
1 512,182 =776.853 1 518,515 =-775,774
1 523,378 =-782.461 1 539,128 =791,748
1 539,363 -797,220 1 536,949 -798,558
1 533,366 -800.379 3 532.770 =800.858
1 540,499 -805.729 1 545,859 <+=806,975
41 540,295 -807.084 1 540.310 =807,820
1 558,693 ~809,879 1 534,433 =-806,713

PHOTOGRAPH N2« 117 (CONTINUYD)
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TATLE A.6 EJECTA DATA FDOM PHOTOGRARI NO. 117 (CONTINUTTD)
SIZFE CARRDINATES SIZE CODRDINATES
CLASS NORTHIMG mASTING CLASS WOITHIMNG EASTING

i 533,288 -812.545 1 530.659 <~-815,338

) 525,620 =819.592 1 522.081 -816,10%

1 517,648 -813.919 1 513,925 <+819,002

1 514,173 ~822.295 1 521.878 <+824,664

i 522,494 =824,241 1 526.488 <+~835,402

1 531,415 -827,074 8. 535,714 -817,812

g 543,059 =~816.415 1 542.068 <+=818,314

1 549,136 =-823.531%1 1 549,388 =821,538

1 594,308 <+822.014 1 556,756 <=822,126

1y 563,092 -814.445 1 559,226 =815,522

1 557,362 =815.971 1 555,023 +=813,616

1 553,938 <-811.874 1 551,998 =811.,561

1 553,894 -806,198 1 559,252 =809,841

1 560,658 =809,442 1 566,456 =-808,002

1 569,390 -825.932 1 567,109 =824,991

q 565,627 =-824,397 1 566.909 =-829,601

i 569,124 -828,974 1 576,011 ~823,843

1 579,248 -820.737 1 591.015 <-825,169

1 592,711 =-828,459 1 586,961 =-832,637

1 584,140 =827.769 1 579.821 -832,403

1 579,003 =-830,908 1 576,867 -828,436

1 577,361 =839.659 1 572.802 =839,547

1 560,320 -834,359 1 546,639 -832,044

1 541,797 =833.212 1 547,961 ~-838,047

1 539,467 =845,070 1 546,395 -846,375

1 592,465 -856.347 1 557.672 <+~851,793

1 560,861 =855,517 1 564.447 ~B6(p,345

1 568,494 -860.860 1 568,966 =-862,943

1 571,931 -858.889% 3 §72.666 <~858,192

1 568,895 -856.788 ;i 569.642 ~855,887

4l 569,279 =854.636 1 571.449 -854,563

i 572,568 =~=854.495 i 572.869 =855,581

1 573,813 =850.155 1 574,330 =~847,449

1 574,409 ~846.500 1 575,281 ~846,081
1~ 589,230 -B48.107 1 590.3Y7 -B48B,888

1 594,673 ~853,755 1 591.029 ~86(,765

A 601,477 -862.538 £ 602.199 -849,762

1 604,495 -839,730 1 610,139 -840,929

1 611,024 -843,962 1 608.186 ~834,6%5

1 606,907 =-844,427 1 607.304 <+-849,792
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(CONTINU™D)

TADTLE A.5 EJECTA DATA FDOM DPHOTOGRARH WD 117

S'EZE CRNFRINTANEERS SIZE CO9 3L INATES

CLASS NIRRT ING OSTING Ci,ASS WNORTIHING EASTING
1 §U9,898 -848,089 1 §10.273 <=B47.415
1 613,348 <-845,935 1 615.522 <-B847,159
i 614,905 <-848,186 1 615.907 =-851,080
1 611,108 -851,677 1 608,703 -856,546
1 613,590 =-854.060 1 615,336 =856,368
1 619,313 -855,805 1 619.728 <+B857,641
1 620,485 -859.011 T 622.929 -B861,033
1 624,671 =-862.283 1 - 620.823 -B63.,794
b 620,286 <-56563.093 il 619.625 =861,992
1 613,014 =-875.965 1 604.134 -881,018
1 601,439 -875,104 1 = 598.764 -877.661
1 596,418 =871.272 i 594,406 =-869,794

3 1 593,341 -871.040 1 %593.181 =-875,386

1 591,860 <-B877.403 i 590.707 <+~874,493
1 589,284 -873.909 1 588,991 -869,729
1 586,319 <-868.722 1 584.987 -867,801
5" 583,893 -872.698 1 580,772 -860,381
1 578,245 -858.486 1 568.808 <«B66,853

| 576,423 -869,341 1 576,198 =B876,045
1 561,725 =875.436 ;| 584,524 =877,844
. 583,575 -879,453 1 588,561 ~883,314
1 595,588 <-883,835 1, 596,967 =~881,094
i 603,933 =-887,035 1 60D4.745 -890,160
1 601,749 -887,732 g 601.399 =-889,577
1 593,862 =-889,490 1 597.775 <-892,668
ol 597,842 =894,188 - 587,745 +«902,.806
1 564,273 =902,653 1 583,442 =~910,486
1 583,019 =917,419 1 567.982 <+=919,627
1 562,195 =-911.180 1 556,580 +911,020
1 548,524 =-912.585 3 553,442 <-903,507

1 548,355 -904.148 1 546,489 -899,883
1 563,470 =-896,741 3 567,284 ~-893,249
1 572,862 <=896.553 1 578.513 =897,979
1 579,872 <~894.747 1 584,874 <+=894,334
1 584,696 <-892.674 1 581.505 ~-887,697
1 581,143 -884.076 1 574,841 -876.514
1 572,013 =-876.261 1 566.245 <-=873,038
i 564,348 -878.073 1 565,182 -878,988
1 562,403 =-881.610 1 568.318 =~882,817
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TADLE Q.6 EJECTA DATA FRO. PHOTOGRAPH NO. 117+ (CONTINUTD)
SI7E CADTEDINATES SIZE COORDRINATES
CLASS VIARTUING EaSTING CLASS NORTHING EASTING

1 567,759 -884.964 1 569.498 <-886,960
1 567,099 -888.616 4 563.150 -=889,163
1 562,114 -886.764 g 553.687 <=887,687
1 557,697 =~880.443 1 556.566 =880,477
1 551,200 =-881.042 il 547,405 =-878,284
1 549,737 ~-877.466 1 556,852 =876,010
1 556,584 ~874,178 1 557.803 =871,867
1 555,722 =868.627 = 1 553,854 -~864,167 i
1 549,038 -867.896 1 550,196 =8%8,177
i 1 546,279 -B54.,357 9 537.357 <+853,730
i 524,865 =845,887 1 524,437 <+854,967
1 519,796 =-858,194 1 523.650 =-862,825
1 530,558 <-861.114 i 533,016 =860,177
1 534,688 <-860.122 1 540.602 -868,405
1 533,704 ~B69,986 1 529,444 =~870,472
.1 588,567 -876,592 i 537,388 =~891,283
1 555,770 =891.891 1 535,867 =892,640
| 534,071 -891.789 1 533.701 -=900,037
1 531,109 =903.375 1 529.049 =900,871
q 522,424 -897.430 1 522,986 =896,101
1 530,203 ~882.463 1 524,400 -880,387
1 517,472 -877.005 o 512,252 =872,822
1 509,396 =-873,223 1 501,586 =873,265
1 510,891 -869.845 1 522.213 =873.453
1 522,293 <-872.420 1 519,884 +-869,55¢
1 513,404 -861.624 L 513,993 <-855,301
! 513,164 -855,451 1 504.815 ~858,525
1 500,907 =-854,968 1 504,709 ~=851,634
1 498,981 =-848.561 1 494,220 -~841,494
1 508,781 ~B47,644 1 509.524 =B839,447
1 508,162 =837.635 1 505.006 -837,077
1 508,928 =832,381 1 496,864 =~B26,744
1. 494,718 -832.438 1 492,061 -831,874
1 489,510 =-830,584 i 479,017 =-827,384
1 475,657 =825.911 1 472,282 ~-832,739
1 4/0,007 =828.596 1 463,100 <+-831,041
1 466,281 =-817.551 . 466,675 -804,119
1 456,353 =815.504 g 454,790 =815,071
1 454,886 =~B814.475 1 425,303 ~-820,845
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TADLE A.6 EJECTA DATA FROS PIAOTOGRAPII NJ. 117 (CONTINUTD)
SI17E COOZDINATES SIZE COCRDIVATES
CLASS NORTHING EASTING CLASS WORTHING BASTING
1 454,77) =-784,461 1 448,059 <779,256
1 435,750 =792.124 - | 432,968 =791.,326
1 417,213 -773.090 1 416,161 <=774,372
1 411,207 -809.362 1 403.868 ~789,187 i
1 401,032 =787,483 1 399,304 =783,590
1 392,652 =-781,735 1 386,838 <=774,461
1 358,286 =736.850 1 353,254 ~743,752
g 346,714 <=753,386 1 348,234 <=755,475
1 359,523 -781,858 1 367.036 =~-783,091
1 364,946 -785,551 1 362,321 ~-787,542
5} 359,557 <-791.460 1 359,805 =-794,488
ol 37,718 -815.,387 i 394.490 =809,132
1 392,742 -B13.963 1 354,685 -817.977
1 393,356 -818,635 1 376,760 -825,243
1 373,000 -833,059 1 385,980 -843,761
1 391,321 =-846.351 1 400.328 =-858,125
1 415,702 =853.668 1 424,005 =-843,262
1 424,727 -827.932 1 434,202 <+B859,999
“"I“‘"“137‘31—"——333‘5v5‘“"*I"“‘133‘7?7“'1ﬁﬂ?7ﬁnr““‘
i 442,391 <=873.007 1 438,696 <=875,327
1 437,266 =~881,635 i 443,936 ~-BB4,744
1 448,904 ~-887,228 1 446,739 880,474
1 445,060 <-866,614 1 449,767 ~B63,118
1 463,833 =860.912 1 464,491 -B61.,444
1 463,199 -864,988 1 476,691 <=867,110
1 480,666 <-880.574 1 472.681 =-882,937
1 471,622 -~877.680 1 464,322 ~B78,79%
i 463,026 =-881.105 1 461,564 ~-BB1.,268
i} 463,686 <=900.451 a 470,038 =-892,8%%
1 472,502 =895.191 1 482.405 =B92,438
71 T 388,008 -B99.032 1 493,816 -8B3,.698
1 507,374 =887,435 1 501.983 <=892,779
1 499,200 =902.621 1 508.365 =903.102
1 516,857 =902.,694 1 519,574 =905,236
i 527,538 =906,640 1 534,145 =-907,961
1 534,295 =908,883 1 504,763 =928,445
1 503,491 <=927.958 1 498,846 ~934,698
1 499,110 =933.164 1 527,416 =946,799
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VPLE A6 EJECTA DATA Fh0x PHOTOGRARY NO. 117 (CONCLUD™D)
AT CASAMTNATEE SIZE COORTINATES
CLASS NORTHING EASTIYNS Ci.ASS NORTHING EASTIIS
! pe3,366 _-942.036 . ___.1____525.098 _-940,188
i 528,987 -934,548 1 531.461 =927,203
B i o PO =018 080 . § BAS 813 . 915.9783
1 555,742 +-925.317 2 561,465 -651,218
i DB BB ZBOD  AND e P TP TR 08,058
¢ 510,286 ~-641.424 2 531.662 -680.448
Z 548,841 -694.,110 2 557,250 -715.408 _
« 559,128 -733.,708 2 604.804 -7%4,971
¢ 859, 763 2B851.737 2 . 658,753 -807,757
Z 657,802 -812.777 2 609.5358 -836,183
B s OB =R O B DEONARA R 99 .
2 5/4,017 -797.869 2 533.473 ~-728,960
P 486,635 -696,728 2 486,885 ~694,029 __
z 477,073 -704.814 2 482.916 -730.264
¢ 422,876 -648,447 2 421w i3 ZT30907 o
¢ 449,468 -773.888 2 479.739 ~766.559
2 541,988 _-795,461 _ 2. 569,494 -818,884 _
c 588,860 -831.436 2 575.929 -830.255
¢ 5Y1,231 =847.722 2 612,521 -846,371
< 623 :041 -B51.538 2 621,035 ~860,117
¢ 609,656 -881,527 2 597,702 -875,339
¢ 584,608 -870.939 2 981 : 814 -B68. 227
¢ 575,376 -859.223 2. . 575,088 -<861.688
¢ 543,781 -855.,047 2 529 .22 -849,185
2 5¢3;902 =853,25% 2 505.866 -870,3195
y 404,263 -820.897 2 471.928 =-820.562
¢ 444,988 -779.,2C8 2 364,940 =-778,475
¢ 328,007 <-794.981 2 507.5490 =928.20i1
¢ 507.098 ~929.254 2 _ S063.7%99__-931.06% ___
4 443,268 -645.454 3 543,487 -676.594
¥ 536,94) -676.726 3 635.938 -839.826
4 452,923 -740.428 3 436,302 =-741,658
3 S L7958 =81d.418 g 551,345 _-B50,6415
L 563,627 -868.5633 3 58L. 499 ~87%1.17%
3 508,103 -929.7234 g 01,273 _~934,998
4 662,514 <-7467.038 4 494,937 =929.42%
5 ST TP —UHRs580
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TABLE A.7

EJECTA DATA FROM PHOTOGRAPH

TOTAL NUMBER OF PARTICLES COUNTED -

18,

COORDINATES ARE IN FEET RELATIVE TO GZ.
WEST OF GZ.

COORDINATES ARE SOUTH AND/OR

S.LLE

COORDINATES

CLASS NORTHING

625 .948
735,059
733.609
674.498
743,008
734.518
679.764
739.218
680.572

EASTING

-233.658
-180.231
-180.649
-144,985
-83.028
-183.413
-158.843
=183 w82
=[5 TS02

NO. 136

NEGATIVE

SEEE

45 N N DO PY ===l

136

COORDINATES
CLASS NORTHING EASTING

750.233
7353.840
683.298
679.073
694.529
655.264
635.48%
713,145
592.080

o A A
-180,288
-159.988
-148.240
-231.,907
-199.094
-245.700
-166.777
-243.459



TABLE A.8 FEJECTA DATA FRO01M PHOTOGRAPH MNQ. 137
TOTAL NUHM3ER OF PARTICLES LHIUNTED - 15.
COORDINATES ARE IN FEET RELATIVE TO GZ. NEGATIVE
COORDINATES ARE SOUTH AND/OR WEST OF 3Z.

SIZE
CLASS

NN..—.—.;—-»———-;—-

COORDIMATES

NORTHI NG

900.742
B4T9CC
952,651 5
972.071
957.794
S8 TS
978,348
975.086

EASTING

85.914
-151.030
-157.206
-144.924
= 1904 Ted
=292+876
-7164147

154

COORDINATELS

NORTHING

$79.052
22252
052.343
930,963
855.541
967.294
942,350

EASTING

-253.645
S P R
-155.405
=157+990
-144,709
-114,360
=1 S556T8



APPENDIX B

COMPUTER PROGRAM FOR ANALYSIS OF
AERTIAL PHOTOGRAPHY EJECTA COUNT

The computer program shown in Table B.l was used to reduce the
data from the aerial photographs. Basically, the program established
a sampling area based on radial lines and circumferential rings, then
searched the data for all missiles falling in the sample area. Weights
were assigned to each missile according to its size class, and the
ejecta mass density and size class distribution for the sample area
were determined. The subroutine in the program calculated the coef-
ficients of a power function relating the ejecta mass density to range

from GZ.
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TABLE B.1 GE-400 SERIES, FORTRAN IV COMPUTER PROGRAM FOR ANALYSIS OF AERTAL PHOTOGRAPHY DATA

Explanation State- Statement
ment
Number

15005 9D

an X(550),Y(55C) "73(550),353(5‘0 MTC550) ,RA(550)
o8 RIS A?(l‘) tIC(lB),T?TUT(ID) 7.(!‘)
3108 DEN vin:(lS) “3 Iul(l?),”OUISZ(IS),”W* 22112
104C DIXEM3IONY MORIS4(1S) “J“IT‘(IS),Xﬁﬁﬂls(XS),XI?(!‘)

1050 DIVENSION NCHBDI(550) ,MIX(550)
————]————‘ 1060 CALL 02%HF(1, DAT3A )

1070 PRINT,

195C PRINT, i
1050 PRINT,” EXPOSURT KI4IER
1100 READ, YEX?D
1110 PRIAT,

1120 PRIN '7U13E“ OF JMISSILES ON EXPI3uRE”
S 1130 RTAD,
L B 1140 DPIJT,_ )
aH 1150 PRINT,” 10. OF SANPLE SUBAREAS
1156 3242,
1176 X024
1130 P21,
1150 25 10 1=1
1200 IEADCL; 7“7),WSC(I),Y(I),V(I),“COWE(I),MEX(I)
1230 10 CONTINUE
1240 767 FORMATCR0X,T1,6X,2F18.4,21K, 11, 4K, 13)
1 La50 0 38 & FeA
1280 RECII=SARTC (XCIIRER L JPERCTI*HE,3)
1290 AzA3SCICI) /%CI))
= 1300 ar:xJ;<x(1)/Y(1))
- 131.0 I RCACTY ST 078D, V) « Siwane] T8 70
2 1220 17CRCI> 0 3T40.4000¥CD) L To0) 30 1 71
d 1330 1FCHCI) LT o0 oANDLYCT) 1 To0Y50 TO 72
g5 13240 TFCRCID LT 0 ANDYCI) 3ToC250 T2 73
[ &) E 1350 79 AHzATAENCAWD
b S 1350 30 T0 75
~ 1370 71 AY=ATANCA)I+1.5705
& 1330 20 T2 75
1353 72 A4z ATANCAX)+3.141
1462 33 10 75
1413 73 A%=4T39CA)+4,7115
142 75 DESCII=ZA A
E 1439 1F<4ob(1).: B3 T E6
3 L REE R
wSel R :;‘ glRe fo #o
S o e e
0w 1-7:) TG 3e o (O 34
azaz fam, e
B g 1450 133
2R gt 15C0 351
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TABLE B.l (CONTINUED )

Explanation  State- Statement
ment
Number

1510 395 T0 1

1580 52 WI(1)=42,2

1533 39 13 |

1540 33 WT(I)=92.5%

1550 30 Tn 1

1560 34 WT(I)=200.

1570 | CONTINUE

17C0 PRINT, STARTING RADIUS, RANIAL LHTERVAL, AYSULAR 30UNDS
1710 {747 Q} KIKVAL A3l A2

20 PRI Y

1730 2C1)=2A1

1746 &l= w1

1756 D0 2 J=2,91

1760 2 ()= J=1)+xINVAL

1770 DO 3 L=1,1

1720 AP= 3.141*((3(111)**? Y- (R(LY*%2,))

1730 ARCL)I=ZAP*((A3Z-431)/360.)
1660 3 CONTINYE

1310 23 4 XK=1,24

1820 KNCCUNT=0

18330 xC01=¢

1340 NTN2:=0

1350 NC03=C

1360 NCJ4=0

1576 NCN5=0

1830 WT3U4=0.

1550 20 5 KI=1,Hi

1500 IF(DESCKI)LLT.A31,02.DE5
1510 IF(?A(FI).GT.R(K).ﬂJJ..
1520 30 19 5

1930 & NCOUNT= NCOUNT+H]

bt

Definition of
Sample Areas

=

53T.A32)32 T2 5
LT.AX+1))G0 TO 6

»« }-—4

1940 IrCH5CCRI) (22,1001 0C01+]
135 IF(JS‘( I).E2.2) 80226802+
1960 IF(NSC(XI)EC,3)RCOI=NCII+]
1270 IT(AJV(’1).L9.4 W04z HC 4+

1930 LF(NSCCKI) JER.5)HCN5=NCC5+]
1580 WTISUMz VISUWT(HI)

2053 5 CONTINUE

2010 NOMISCKIZNCOUNT

2020 NOMIS1(R)=NCCTI

2030 "NORIZZ(¥)=: %
2040 HNA133¢4)>=14273
2020 NZAISE(#4)=uCnNs
2560 "
29790
2698
‘—OV-!

npos
LVos

050
21380

Missile search to find missiles falling
in sample area and calculation of ejecta

mass density and numerical density

/33(CK)

A200
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TABLE B.1 (CONCLUDED)

Explanation Statem Statement
ment
Nfumber

2110 7 AMCI)TCRCII4CI41) ) /2.

2120 PRI4T,

T BB PRI, .
A 2140 PRINT, T RAMELL SUSAREAS
2150 PRINT, .

2160 PI9T," HO. 7ADIUS  AREA WELTHT  *ARE DENSITY

2170 3.8 1=1,4
=)

2120 PRINT 103,1,3MC1), ARCT), TOTUTCL) , DENAASCT)
2150 3 COMNTINUE
ZENG 103 FINMATCTA FRLD, 15, SU0H, a9 B8 2 1 K, T 104D
2210 PRINT
5 42200 PRI YT, )o. NOMIS  MGHISL  H2NIS2  NDRIS3 NOMIS4  nowIss”
5 £230 70 9 I=1
i5 2240 S PRINT 164,1,10119(z>,"3?131(1>,vw4132(1),?'1153(1),?@'134(1
8 22502), “pnlai(l)
W 2250 104 r?’jA‘(IA 16,17,412)
X 2290 PRINT,
B 2500 PRINT,
2 2510 foaliL JgerS(m,?m,n:wwx",a1,31) .
& 2329 PRIVT,"" EJECTA YASS DIWSITY VEZRSYS RAUSE
& 2330 PRINT,
2340 PINT 10 1
2850 1105 FORY T( L F7.3)

2360 PRINT 108, Hl

2370- 106 FORUAT(ON, 21 ATJICTA 11455 DENSITY =,T1C.4, 410 % &, //)
2350 CALL POMFLSCH 9' XD, A2,38) )
2390 PRIVT, . ISSILE wunERICAL DIH3ITY YE3SUS 2WN3
2400 PRINT,

2410 PRINT 107,32

2420 107 Fo2ATC33%, 7F1.3)

2430 P2INT 10R,42

2440 103 FORMAT(2X, | THHO, OF MISSILES = ,EI10.4,45 * 2,//)
£450 TN

‘2480 SUIMTLYE PORFLECHN, XX, YY, A, 3)

2479 DLAENSI0N YACLS) ¥YCLs)

FAZ0 ULk,

2499 SUMLY=C.

2500 3U4Lx2:=0.

2510 SUALAY=0.

2520 WCOUNT=0

g530 ¥9 9B I=1, 4

2540 Ir(xl(l)..T G ORE @Ry YU L)l Te §0620 1598 Th e
2550 SUMLXZSUMLA+ALIZONNCIY)

2560 3uALY: 3L+ AL IYY (D))

2570 SUALK2=3UALYE+CALAS(EXCI) I =**2,)

2530 SUNLXY=SUALKY+(ALOGCRXCI) I =al.05(YY(I)))

,.

6530 33

2519 290

2isrhg) T

2538 KN

~ ~ o

< ] t-

Eo0I6 ==

. A '

- 4 —

2 o CER

= ~ . 5

Foi 3L 3=

2850 Az EAPCALTEA
280 BTN "
700 U8

least-square-root subroutine determining a power

function relationsnip between range and either
eiecta mass density or ejecta rumerical density
t

1h1
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